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_ ADVERTISEMENT. 


THE following chee are chiefly translated 
from a small French work, by JAUFFRET, whose 
interesting publications for youth are distinguish- 
ed by their judicious adaptation to the capacities 
of his readers, and by the pleasing manner in: 
which the instruction is conveyed. 

To his performance have been annexed the En- 
gravings, with their Explanations, and the Notes, 
selected principally from the works of esteemed 
and popular English Writers. These additions, 
as they tend to illustrate the subject, and intro- 
duce a variety of curious facts and observations, 
will not, it is presumed, be deemed an improper 
extension of the original plan. 

The work will be advantageously read in con- 
junction with Mr. WaLKer’s Grammar of Me- 
dical Science, and it forms a companion to works 
published under the title of the Wonders of the 
‘Telescope, Microscope, and Animated Nature. 


Bridge Street, March 6, 1810. 
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er, 


yNa fertile ates, icclaaal by hills co- 
vered with wood, and watered by ri- 


—-vulets — bordered with poplars, not far 


from Richmond, a small towa remarkable 
for its. delightful situation, stands _ a 
mansion, built with elegant Rie 
surrounded with & picturesque garden, a 
fine orchard, and a meadow extending to 
ihe banks of the Thames. In front of this 
house a fountain of white marble, over- 
shadowed by weeping willows, runs all 
the year round, and contributes to pro- 
; R 
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duce a cooiness equally agreeable and sa- 
lubrious. The thirsty bees repair, hum- 
ming, to drink im its basin. The birds, 
which are most familiar with man, throng 
hither in the middle of the day to seek a 
shelter from the heat: they sometimes flap 
the water with their expanded wings, as 
if to wash themselves in it, and then-ex- 
press their satisfaction in the most melo- 
dious strains. At a little distance from 
this mansion stands a farm-house. which 
belongs to it. The flecks which, scatter- 
ed during the day over the valley, enliven” 
and embellish the landscape, are jrere as- 
sembled at night in capacious folds. Here 
the geese are incessantly cackling on ihe 
banks of ‘a pond, or sporting on its sur- 
face; while hens, the patterus of maternal 
love, put themselves at the head of their 
newly-hatched broods, and relinquish to 
their young all the scattered grains which 
_ they have the good fortune to discover. 
The name of this country-house well 
agrees with its situation: it is called Belle 
Place. Those who at a distance *be-_ 
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hold. its slated roof, reflecting the rays of 
the sun, can scarcely refrain from envying 
the happiness of its inhabitants: and they 
who have once strolled through the wind- 
ing alleys i in its grounds, watered. by run- 
ning streams, and shaded by acacias, catal~ 


pas, and still rarer. shrubs, can never F forget 


sO charming a spot. wo i 

_ Mr. Vermont, .who pe in ” tifedone 
having, in his youth, chanced to visit the 
mansion and farm of Belle Place, the 


image of this delightful abode remained so 


deeply. impressed upon his memory, that 
neither the iurbulent pleasures of the me, 
twopolis nor the daily bustle of business 
could ever erase it. After an interval of 
fifteen years he still spoke of it to his wife 
and children with as much enthusiasm as 
if he had seen the place only the preceding 


day. .1f the latter praised the beauties of 


other country-houscs, he would instantly 
exclaim: “ Ah! what would you say if 
you. had beheld Belle Place, its gardens, 
rchards, and its charming. meadows! ’’ 


“AS he never mentioned this beautiful, place i 
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without admiration, bis children’s curi- 
osity was excited, and they one day beg- 
ged their father to take them to see it. 
Their mamma, not less curious than Ri- 
chard, Alfred, and Eliza, jomed them in 
their endeavours to prevail upon Mr, Ver- 
mont to make an excursion to Richmond. 
Mr. Vermont, however, only replied with 
asmile: ‘‘ It would bea still greater treat 
to me than to you, to see a place which I 
have always recollected with such plea- 
sure: and it is with sincere regret that I 
am obliged by the pressure of business to 
defer our visit to a future time. I am 
grieved at this delay, but this you may* 
rely upon, that I shall not lose sight of it.”’ 

From this time Mr. Vermont was more 
reserved towards his wife and children. 
Occupied entirely with business, he ab- 
stained from speaking in their presence of 
Belle Place; but he was secretly mak- 
ing preparations for a journey of which he 
was more anxiously desirous than any of 
his family, and which he wished to tender 
‘as agreeable as possible. 
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One day, at the beginning of summer, 
Mr. Vermont came home in higher spirits 
than usual, and when his children ran to 
kiss him: ‘My dears,”’ said he, “I bring 
you good news. .I have just made such 
arrangements in regard to my business, that 
I shall henceforth be rather more at liberty. 
As there will be nothing to prevent my ab- 


sence from London whenever I please, I shall 
no longer be debarred of the pleasure of © 


taking little excursions w ith you into the 
country, which at this season of the year 
is so extremely beautiful. Indeed, I al- 


most fancy that we are already rambling — 


together in the woods, and on the banks 
of the rivulets: or that seated with your 
mamma on the verdant turf or on a stone 
bench covered with greyish moss, I am 
Witnessing your infantine sports, Eliza 
goon runs away from you and comes to 
keep us company. Richard and Alfred 
run about a little longer, and then tired 
with err exercise, they also come and 

own beside me, and ask a ‘thousand 


a 
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_ questions concerning: Ang object that 
- strikes them.” 

.“ O papa!” cried the children, « wide 
pretty pictures you are drawing! Bui 
when shall we take one of the excursions 
which you are talking of ?’—« ‘To-mor- 
row, my dears,”? replied Mr. Vermont: 
‘every thing is ready and the coach is 
‘bespoken.”? On hearing this Richard and 
Alfred leaped for joy; while Eliza ran to 
her mamma to communicate the interesting 
intelligence and rejoice with her. 

It is easy to imagine with what tmpa- 
tience the whole family awaited the mor- 

ow. For the first time, perhaps, Richard, 
Alfved, and Eliza, regretted within them- : 
selves the length of the night, and rose be- 
fore ihe sun. The wished-for coach soon 
stopped at their door. They took their 
seats mit with a joy which it would be 
difficult to express, and left London just 
when the milk-women were entering the 
eity with their burdens. 
Notwithstanding the repeated | questions 


“vergontertor. * 


that were put to hie, Mr. Vetriwnt wtld 
“not mention the place to which’ they were 
going, The coachman alone was in the 
-seeret; and) before they had-proceeded far ‘s 
front town, both the eHildren and their 
- “amina: were total. strangers to the road. 
‘They passed through villages, with the 
| of which. they: were unaequaintéd : 
but they: ¥eecived not the less pleasure 
froin the prospect of the extensive plains, 
the enchanting hills, and the verdant mea- 
dows, that sieiaig themselves iy tlre 
way. | | 
.  wibor ter in the - morning the coach — 
Stopped for a moment at the entrance of a 
village, and then turned off into a cross 
‘road. “ Papa,’ said Eliza, “if you are 
_ determined not to let us know the place to» 
which we are’ going, tell us at least where 
‘we ate. How many miles have we gone? 
y What village 3 is‘it that we are. leaving ‘to 
the right My dear,’’ replied: Mr. 
Vermont, “ have patience a very litile 
er, vand you will know all; we are not 
OW from our “aes s end,’* 
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In about a quarter of an hour the coach 
stopped before an iron gate, through which 
was seen a house of handsome appearance. © 
‘Along the wall, on each side of the gate, 
ran a row of lofty poplars, and in front ap- 
peared a capacious basin, from the middle’ 
of which rose a jet d’eau to the height of 
the first floor of the house. Mr. Vermont 
immediately alighted with his wife and 
children, with whom he advanced to the 
gate and rung the bell. After waiting @ 
few moments: ‘‘ There 1s nobody in the 
way I suppose,’’ said he, ‘‘ but we need 
not care about that. I have the key in 
my pocket, it was given me yesterday to 
make use of, in case the housek¢eper 
should be absent, so that 1 can epen all 
the doors for you.” , ; 

_ Having unlocked the gate, he ordered 
the coachman to put his horses into the 
stable, and then, accompanied by his fa- 
mily, entered the mansion and began to 
inspect the apartments. | 

The reader may judge of the paguapee of 

the children and their mamma, when, after 
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_ having gone through the back rooms of 
the house, they were introduced into the 
apartments in front, the windows of which 
opened upon vast meadows, and command- 
ed a view more extensive and picturesque 
than can possibly be imagined. ‘“ Oh!”? 
exclaimed Eliza, ‘‘ I see before the house 
a fountain of white marble, shaded by 
trees whose branches hang down to the’ 
ground. I see a large meadow intersected 
by small streams aud bounded by a river;. 
on the right is a¥garden, on the left an 
- orchard, and in the back ground are hills 
covered with wood. I am sure.that we 
are at Belle Place.’”’—** I begin to sus- 
pect so too,’? said her mamma: “ this 
place is truly delightful; *tis only a pity | 
that the housekeeper is not at home, as we 
might then have procured something or 
other for dinner, and afterwards have gone 
to look at the gardens and  pleasure- 
-grounds.”—‘* We will go together . to 
a at them,’? said Mr. Vermont, ‘and 
dinner, Tet. us walk into | the next 
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So saying, he opened a door and went 
‘with his family into an apartment, in the 
middle of which was a table laid for five 
persons. ‘© What do I see?” cried Eliza. 
** Are these preparations for us? ‘This 
table would be completely set out if there 
was something to eat?’—** Let’s try,’’ 
gaid Mr. Vermont, “‘if we can find the 
way into the cupboard which I see yonder.’’ 
« Tt is open,’ cried -Alfred, “ and “tis 
an enchanted cupboard, for it is full of 
nice things.” Here im fact they found 
baskets of raspberries, gooseberries, and 
strawberries, some boitles of exquisite 
wine, and a pye of prodigious size. They 
sat down to table, and evefy one fell to 
with an excellent appetite. After dinner 
Mr. Vermont addressed his wife and 
children in the following terms: © < What 
a delicious day is this for me! It ¢rowns 
all the wishes which ¥ have so long ¢he- 
rished in the recesses of my heart, and 
pays me with usury for the labor of fifteen 
years. In uniting my lot to that of a wo- 
man whom I loved, in acquiring the dear 


rstRODUCTION. je 41 
name nt faiher, I never had any other am~ 
bition than to provide some day for my 
family a rural retreat, where, during the 
fairest season of the year, they might en- 
joy imocent spc ‘Itis m the country 

hildi ren arenes ai reflect, 0am pay 


a vapadatein theimaclves to | pey 
most remarkable phenomena. For 
slob reason, I.took such pains to increase 
my little fortune, and to get together the 
sum necessary for the purchase which } 
have made. This object I lately accom- 
_ plished, and Belle Place is ours. It is a 
place which I dare say will please you, and 
of which you will always be fond. Come; 
let.us take possession of it: let us go and 


look at-the apartments which T have as- 


! signed you- ; let us. visit the ardens and 

groves which surround the house.” At 

these words his wife and children rose from 

_ their seats. They were too deeply affected 

be able to make any reply: they could 

first only throw: ap into his arms 
ve e p for joy. ‘iia 4 
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The rest of the day was spent in inspect-' 
ing the rooms, all furnished wiih taste zi 
in receiving the compliments of the farmer 
and gardener, who hastened to the house 
as soon as they heard of the arrival of its 
new owner; and lastly, in walking about 
the gardens and orchards, which were in: 
excellent condition, Richard, Alfred, and 
Eliza, could scarcely believe the change 
which had taken place in their way of life. 
They slept soundly in their new habitation, 
and were quite surprized in the mamning: 
on being awaked at sun-rise by the anging: 
of the birds. 

As soon as the children had become ac- 
quainted with their new residenee, Mr. 
Vermont thus addressed them: “ I have 
brought you hither, my dears, as much 
for your amtisement as for your instruction. 
Free from other cares, 1 shall hencefor- 
ward deyote all my time to form your 
hearts, and to enlighten your understand- 
ings. I will direct all your studies. We 
will daily take a walk together, which 
will furnish us with matter for useful ob- 
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servations. You will ask me questions, 
which I shall endeavour to answer, and 
| your morning’s. task shall be to commit to 
writing, the conversation of the preceding 
P day. +3 e4 
‘The eitidien were Hastiy delighted with 
this plan. They all promised to comply © 
with the wishes of their father. and it was 
agreed that their walks — begin the 
very next ne ta 
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Ricwarp, ALFRED, and Widivinds dia 
not fail on the morrow, to remind Mr. Ver- 
mont of his promise, to take them out a 
walking. ‘The weather was fine. The 
heat was moderated by a breeze which 
gently ruffled the moveable foliage of the 
poplars, and produced slight undulations 
in the thick grass in the meadows. Mr. *® 
Vermont was not less eager to fulfil his 
promise than they were to demand its ac- 
complishment. He quitted the house with 
his children, and they proceeded to the 
end of the valley, which lay belowit. By 
the way, Eliza, curious to know what 
would be the subject of this day’s conver- 
sation, fondly took her father’s hand and 
said: ‘‘ What are you going to converse 
with us about to-day, papa? Isitnot about 
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butterflies ? You — have I — 
phe?” 
| Alfred. Papa peonniies me withers inlet 
we were in the country, he would tell me 
some day about the different kinds of birds. 
Richard. And he promised to teach me 
to distinguish plants. 

Mr. Vermont. I intend, my dears, to 
keep ‘all these promises ; but I think it is | 
of importance, before I treat of plants, 
birds, or butterflies, to make you familiar 
with things which much more nearly con- 
cern us, and which authors have hitherto 
but too much neglected to reduce to the 

* capacity of children. I shall, isnot 


i 


nee to you— 
- Eliza (eagerly ). thtiout selon, ipa! > 
Mr. Vermont. About a machine com- 
posed of an infinite number of parts of dif- 
ferent natures, solid, soft, fluid, spirituous, 
all enclosed im one common case: | of a ma- 
chine both elegant and majestic, which 
rises 8 perpendicularly on two pedestals, one 


the right, the other on the left, sur- 
inte d by two oblique columns, which 
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support an edifice of three stories, commu- 
micating with each other by apertures: 
formed with great art in the floors that 
separate them: of a hving and walking 
machine, containing within itself the prin- 
ciple of its motion and preservation, not 
only for a few years, but sometimes for’ 
more than acentury. ~ 

Richard. Papa, I can guess without. 
much trouble, that this machine is the 
Human Body. 

Mr. Vermont. It is, my dear. Have 
you ever reflected on the admirable pro- 
portion of the parts of which it 1s com- ~ 
posed ? ? 

Richard. No, never. 

“Mr. Vermont. Let us sit down here 
upon the turf, and begin to reflect a little 
‘on the subject; or rather let us first- 
ascend that verdant hillock, Let us look 
round on every side, and enjoy the magni- 
ficent spectacle exhibited to our view. 
Nothing, my dears, is a stronger evidence. 
of the dignity of man, and of his pre- 
eminence over the different species ,of 
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‘tes, hae the erect position of his body, 
nd the majesty imprinted upon his counte- 
nanee. silliai ignorant reasoners have 
wert that this upright posture is not 
natural tous; but the conformation of the 
head and of the foot, as‘well as of several 
other parts of thehuman body, clearly prove 
that those who thus argue, are wrong. 

Other animals have their eyes placed on 
each side of the head, so that they can see 
ihe horizon; but man, were it not for his 
erect position, would fare far worse in 
respect to sight than any of the brute 
creation. His eyes would be turned direct- 
Yy towards the ground ; and he would not 
be able to shun a thousand dangers which 


other animals avoid by flight, when their 


sight apprises them of their approach. If, 
i therefore, any thing evinces that nature 
destined _ man to walk with his head erect, 

it is the very conformation of his head. In 
his upright attitude, he takes in at one 


view the heavens and the earth. He can 


look upwards, downwards, and all around 
him ; and so far from havi ing occasion to 


ae 
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envy the posture of the creatures. about 
him, he may justly consider his own as a 
favour conferred upon him by nature”. 


* Dr. Paley has availed himself of a striking contri- 
vance in thé structure of large quadrupeds, te demonstrate 
the position which those animals and man were respec- 
tively intended to assume.—“ About each side of the 
neck of large quadrupeds,” says he, “ runs a stiff, robust 
cartilage, which butchers call the pax-wax. If is a 
tough, strong tendinous substance, braced from the . 
head to the middle of the back: its office is to assist in 
supporting the weight of the head. It is a mechanical 
provision, of which this is the undisputed use; and it is 
sufficient, and not more than sufficient, for the purpose 
which it has to execute. The head of ag ox or a horse 
is a heavy weight, acting at the end of a long lever, (con- 
sequently with a great purchase) and in a direction 
nearly perpendicular to the joints of the’ supporting 
neck. From such a force, sO advantageously applied, 


_the bones of the neck woul Id be in constant danger of © 
dislocation, if they were not fortified by this strong tape. © 


No such organ is found in the. human subject, because, 
from the erect position of the head, (the pressure of it 
acting nearly ia the direction of the spine) the junction 
of the vertebree appears to be sufficiently secure without 
it. This cautionary expedient, therefore, is limited to 


_quadrupeds: the care of the Creator is seen where it is 


= 


wanted.” 


: 
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liza. Papa, I ain sorry to jitervupt 
y , but do you see the beautiful effect of 
the sun’s s rays through those trees? What 
a cpumber ‘of diathonds glitter aimong the 
foliage. It has almost thé appearance of 
fire-works. 
Mr. Vermont. It is indeed a most bril- 
hant spectacle. ‘Let us walk to the grove; 
we shall enjoy it in still greater perfection. 
Alfred. But, papa, we are forgetting 
the principal subject of our conversation. 
Mr. Vermont. Oh, no! While we are 
looking ; at the trees, we may make this in- 
teresting remark, that nature has been so 
_ highly favourable to man, as to proportion 
_ all the Objects around him to the dimensions. 
of the human body. Do you observe, my 
dears, the structure of these trees, and the 
ae of the trunk which supports their 
branches? — ‘ 
oH the children together. Yes, papa. 
Vermont. This trunk resembles: a 


= 


Bee 
_ Eliza. Very nearly. 
Mr. Vermont. Or rather, the column is 


j 
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but an imitation of it. Be that, however, 
as it will, the trunks of the trees. rise to a 
certain height, and support the largest 
branches, from which the smaller boughs 
shoot forth and cross each other in every 
direction. 

Alfred. They do indeed. 

Mr. Vermont. But is it then, without 
design that the trunk rises in this manner, 
to a certain height? Is not this height ex- 
actly proportioned to the human stature? 
Why have trees an upright stem before 
they begin to shoot out into. branches ? 
Could they not begin to throw them out 
close tothe ground? 

Richard. indeed I can’t see wet they 
might not. 

Mr. Vermont, But then man would not 
be able to walk in the shade of the trees; 
the woods, the érchards would oppose 1m- 
penetrable barriers: whereas, in the pre- 
sent state of things, nothing hinders him 
from walkmg wherever he pleases; the 
most extensive forests ferming, as it were, 
temples of verdure, the trunks of the trees 
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ving for columns, while the branches 
ered with foliage compose the roof *. 

Richard. 1 never before remarked this 
striking proportion which exists between 
all the objects of nature and the human 
ae ee eae ‘a 

Mr. Vermont. 1 have mentioned only 
one example ; but if you take notice of the 
form of the fruits, and in general, of that 
of all the objects which sertounl us, you 
cannot help observing that our body has 
the most suitable figure and dimensions 


* « As to trees,” observes the eloquent St. Pierre, 
« though they are replenished with a vegetative force 
which raises them to a great height, yet few of them 
send out their first branches except at some distance 
_ from the ground: so that though they form at a certain 
elevation, an intertexture impenetrable to the sun, ex- 
tending toa considerable distance around them, they, 
however, leave about their bases avenues sufficient to 
render them accessible, and to enable man to traverse 
- the forest with ease in every direction——Such then are 
the general dispositions of vegetables on the earth with 
telation to the necessity which man has to range over it : 
ihe herbage serves as a carpet to his feet, the shrubs as 
a ladder to his.hands, and the trees as parasols over his 
Mend ee Pee | 


Fr 
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which could possibly have been giyen to it, 
relatively to those objects. A much larger 
or a much smaller size would have been 
extremely embarrassing and inconyenient, 
not only to the individual, but also in re- 
gard to his occupations, and to society. 
With the stature of a dwarf, man would > 
have been exposed to a thousand dangers ; 
with the dimensions of a giant, he could 
not have Been conyeniently supplied with 
food: the-largest and most juicy animals 
would not have furnished sufficient food 
for his subsistence; and had the beasts 
been made larger in proportion, the earth 
would not have produced grass enough to 
feed them *. wih 


a “We are - told, i “says ‘St. Pierre i in \ his Studies of 
Nature, “that real giants formerly, existed : but this 
truth, like all those of which nateare no longer furnishes | 
any evidence, is to us inconceivable. If Polyphemes, 
lofty as a tower, eyer existed, they must haye sunk most 
soils beneath them as they walked.. How.could their 
long and clumsy fingers have. milked the little goats, 
reaped the com, mowed ,the grass, and gathered the 
fruits of the orchard ? Most of our aliments would 
have escaped their eyes as well as their hands.—If, ow 
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‘Alfred. That isperfectly clear. 9 
a ir. Vermont..\ Now, my) dears, if the 


exect posture is.the anaep: wntable #o man; 


re - rer 
the other gpntpphere bad ver, ean generations, of p pig- 
mies, how. could they have levelled thie forests to culti- 
vate pi earth ? 2 They would have lost themselves among 
the grass. Every 1 rill would have been: to them a river, 
and every pebble ¢ a rock. ‘The birds of prey would 
have carried them off in their talons, unless they had 
made war upon their eggs, as Homer’s biernes did upon 
the cranes.” 

Not only t the ideas, but the very pect ofthis author 
have ‘been borrowed by a late popular English writer. 
“A giant ora pigmy,” says he, “ could not. have milked 


goats, reaped corn, or mowed grass; we may add, could | 


: oles rode a horse, trained a vine, shorn a sheep with 

‘the same. bodily ease as we do, if at all. A pigmy 

- would have been lost among rushes, or carried off by 
birds of prey.”—Paley’s Natural Theology, p. 320. 

Dr... Gregory, treating of the same subject in his 

Economy of Nature, observes: “ If the size of man was 


much. greater than it is, supposing his strength to be only | 


in proportion, his motions would be much slower and 
' more laborious; nor would his increase of size be en- 


tirely compensated by a diminution in the force of gia- 


vitation, for this would expose him to inconveniencies 
on account of the various relations in which he stands to 
other objects On the contrary, was man much smaller, 
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if the dimensions of his body are admirably 
proportioned to every thing about him, the: 
harmony of the parts which concur to 
move this body, and to keep it in equili- 
brium, is not less striking. What art do 
we not discover in the formation and ar- | 
rangement of the bones, from the head to 
the feet! The vertebrae of the neck and 
of the spine are short, flat, and strongly 
bound together by cartilages and ligaments 
of a particular nature. If the vertebral 
column had been of one single piece, could 
it have adapted itself with such facility to 
the motions of the body, and have support- 3 
ed its weight and that whichis occasionally 
added to it? Should we stand so firmly 


though he would gain in celerity what he would lose in 
force, yet his weakness would incapacitate him for acting 
with advantage on considerable masses of matter. On _ 
the whole, it should seem, that neither an increase of 
size with an increase of gravitation, nor a diminution of 
size with a diminution of gravitation, nor an increase of 
either with a diminution of the other, would im general 
so well suit the conveniencies of man, and his relation 
to other beings, as the state in which he at present 
subsists.” 
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upon our feet, were there not underneath 
the foot itself, a hollow which the nerves, 
- veins and arteries defend in walking or 
standing, from compression? What is the 
object of the perfect symmetry, and. the 
wise disposition of all the parts of the 
human body, unless to keep it in equili- 
_brium, when standing-or moving? The 
. shoulders, the arms, the sides, are exactly 
- counterbalanced®on the one banal ; on the 
other, the internal parts of the chest and 
belly are in equipoise with the shoulders, 
the back, and the posterior parts; and as 
to the prodigious number of muscles dis- 
- tributed with exquisite art over the whole 
body, what can be more astonishing than 
to see them accommodate themselves with 
such promptitude to its different postures 


and to all its motions, without ever violat- 


ing the strictest laws of equilibrium ? 


Richard. Lrun and jump very often, but 


till now, 1 ever once thought of the 

muscles that inust be set in motion by those 

exercises. 

. Mr, Ferment. dust as many people 
c 
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make use of their eyes, without éyer having 
the curiosity to study their structure. 

. Eliza. Papa, will you giveusia descrip= 
tion of it presently ? Po Uae 

Mr. Vermont. Yes, my sitet pAb yin 
and your brothers like to hear me, ‘Iwill 
give you successively some familiar notions. 
respecting sight, hearing, smell, taste, feel+ 
ing ; the bones, and particularly those of , 
the head, hand and foot ; the muscles, the | 
arteries and the veins; in short, respecting 
every thing of which the human body is 
composed. But this is enough for the 
present: let usigo.. Reflect from time to 
time.on what you have heard, and be sure | 
to commitit to writing, in order to impress — 
it more deeply on your memory. 
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» Mr. Vermonr,. Sei fal ef. aiartng : 
: peer snsdanaiilans bis children by termstag 
scientific, and inages too repulsive, deter- 
! eiertagin yet to exhibit to them the human” 
body divested of those external coverings, — 
sibahiliaidenntwasre has wiscly enveloped its | 
internal parts, net only to preserve them 
from accidents, ‘put also to conceal from 
the view their action: and their structure. 
‘ 4 He thought. it: jnore adyiseable to call forth 
their admiration cf whatever is remarkable 
in the ‘exterior of the body. ‘The next 
- Qime'he was seated with his children on the 
‘brow of the wood- crowned hill at the far- 
} ther end of the v valley, he communicated to 
- them his Intention. — ‘* When Ave. behold 
-the fore-part of the head, or the human 
face,’ said he, “‘nothing appears so. strik- . 
F ) ¢2 - | 
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ing as the eyes. It is fit, therefore, that © 
we should commence our examination of 
the human body, with the consideration of | 
those precious orbs which increase a hun- 
dred-fold the beauty of the countenance, 
and afford us the enjoyment both of the 
spectacle of ‘the human face divine,’ and 
of the magnificence displayed in the uni- 
verse *,”’ | 

While Mr. Vermont was thus speaking, 
Richard, Alfred and Eliza looked at him 


* « Aslong,” observes Sturm, “asthe soul remains per- 
fectly tranquil, all the features of the face are ma state 
‘of repose; but when the mind is agitated,the countenance 
becomes an anunated picture, in which the passions are 
delineated with equal delicacy and force. Every affec- 
tion of the soul hasits peculiar expression, and every alte- 
ration of the features is a characteristic sign of the most 
secret emotions of the heart. The eye in particular ex- 
presses these passious so distinctly, that it is impossible 
to mistake them: it is in a superior degree to any of the 
other organs of the senses, an immediate interpreter of 
the soul, by means of which the wildest passions and the 
softest emotions are expressed with the greatest truth 
and energy. Hence it may with propriety be called the 
inirror of the soul and the organ of the understanding.” 
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with ai utmost attention, and Alfred ob- 
served in his eyes a phenomenon, which he 
had never before observed. “ Oh, papa,’’ 
cried he, all of a sudden, ‘look at me. 
If you did but know—I see in your eyes” — 
Mr. Vermont. What. do you mean 2 
What is it you see in my eyes? 
Alfred. I see all the fields in miniature, 
as in a looking-glass. | 
Mr. Vermont. All the fie lds ! 

. Alfred. Yes, papa; I see the sky in 
them, and the trees, “id the river and 
I see myself | too. Oh! how small I am. 
My face is no larger in your eyes thana — 
pin’s. head——but yet I can distinguish 
that it is myself* —And do “you sée your- 
self too in my eyes ? onl 


ae “In considering vision as achieved by the means of 
an image formed at the bottom of the eye, we can never. ” 
reflect without wonder upon the smallness, yet. correct- 
~ ness of the: picture, the subtility of the touch, the fine- 
ness of the lines. A landscape of five or six square 
leagues is brought into.a space of half an inch diameter ;. 
yet the multitude of objects which.it contains are all 
_ preserved; are all discriminated in their magnitudes, 
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Mr. Vermont. Yes, saa « well. 

Bliza: And so do f, 
| Richard. And b see myself at one and! 
the’ same time; in Alfred’s. na tia mite Ss, 
ond i in’ papa’s, jim” 

- Alfred. And ado’ you séé nto fields i in 
them too? 

Richard. Ves, te be sure, 

Alfred. What papa; is the _ then 
made like a leokite-elass 2 

Mr. Vermont. Yes, but with this dif- 
fe vie that: it is net a ike a cominon 


Seti eh : ‘sétouit “he 5 pimp nenieale 
stead Hill is compressed into'the compass-of a sixpence, 
yet circumstantially represented. A> stage-coaclr travel~ 
ling at its ordiuary speed for half an hour, passes im the 
eye, only over one-twelfth of an inch, yet is this change 
of place i in the i image distinctly perceived throughout ii its 
whole progress: for it is only by means of that percep- 
tion that the motion of the coach itself is made setsible 
to the eye. If any thing’can abate our admiration of - 
thé smallness of the visual tablet.compared with the éx~ 
terif of vision, it isa reflection, which the view of nature 
leads us every hour fo miake, viz. that’ int the hand of the 
Creator great and little are nothing,’ oe sw ai 
Theology, p. 35. 


a 
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looking-glass. ‘Its ns eli is wipes round 
rn baliiy i : 

. Richard. Anaifit were fat, what then? 
| Mr. Vermont. In that case, it could'not 
receive perpendicul rly the imagé of a 
larger: space than . “occupies itself. F 
shewed you, at dinner, on the convex part 
of.a botile that was bronght to table, a re- 
presentation ofall the country round us. 

Richard, You did. And every. object 
was there represented -in miniaturé with 
surprising accuracy.- If. aw upon the 
bottle, the whole valley with its clumps of 
trees, the blue sky interspersed with white | 
clouds, and: F could: even. peripiecens the 

trembling of the leaves. 

Mr. Vermont. The reason of chia evi- 
‘bite ‘The glass being couvex, collects a 
ereater weiner of perpendicular rays than- 
one whieh is not. You will some time be 
better able to- understand this explanation. 
For the present this experiment i is sufficient; 
and you miay repeat it as often as you’ 
please. .- But with respect to the eye, if its’ 
_ spherical and bulbous figure is adapted to’ 


I 
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the collection of the rays, it is likewise most 


favourable to its motions. In order.to see 
objects, it is necessary that the eye should 
turn towards those objects, and conse- 


quently, that it should be capable of mov- 
ing to every side. The eye then, by this 
figure, is perfectly fitted for every motion; 
so that it can turn with great facility to 
whatever side it pleases, according as occa= 
sion may require. 

Richard. How does it Asti vinipaty 
that my eyes move so quickly in the dif- 
ferent directions which I choose to give. 
them ? How do they move at all? What 
springs cause them thus to roll whichever. 
way I please ? 

Mr.Vermont. My nso the utility ob. the 
motions of the eye is evident. -Inorder to 
spare us the trouble of turning our heads . 
continually towards. the’objects which we. 
want to look at, nature has placed in the 
orbit of the eyes six muscles which are at our 
command, and are admirably contrived to 
move them in every direction, upward or. 
downward, to the right or to the left, or ta. 
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-. whatever side occasion requires. Hf we 


want to look upward, the superior muscle 
lifis up the orb.of the eye, for which rea-’ 


son it is called the levator. Mf we would 
cast our eyes down to. the ground,the lower 
muscle pulls them down, and hence it has 
the name of depressor. There is a third 
muscle, termed abductor, which moves 
the globe outwards; a fourth, which 
draws the eye toward the nose,. 1s called 
the adductor. These four are denominat- 
ed straight muscles. The two remaining 
ones are called oblique, and their use is to 
keep the eye steady in all its movements, 


and to counterbalance the action of. the 


other muscles... The structuré of- one of 
_ these oblique muscles: is very remarkable, 
and truly worthy of admiration. Tt passes 


through a cartilaginous ring, just like a 


~~ 


_ cord over a pulley ;. and being attached at 


two’ points to the globe of the eye, it assists 


in keepmg it firmly and steadily fixed on 


any object. This curious mechanism of 

the muscles not only prevents frightful con- 

tortions and unsteady motions of the eye, 
c 3: 
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but likewise eiables this natural telescope 
to advanee, to recede, in a word, to move 
in every diréction, so that one single eye, — 
from the prodigious variety of situations 
which it is capable of assuming, performs 
the service of ten thousand. . 

Richard. But papa, how comes a that 
objects are painted in the eye ? ee is 
the eye composed of ? | 

Mr. Vermont. At the anterior part of 
the eye you ebserve a projecting circular 
portion, which, from its substance being 
transparent, like horn, is called the cornea. 
(See pl. 1. fig. 2.) It is ef a convex 
fieure, and resembles the glass of my 
watch. ‘The ball of the eye’is a ¢ase of a 
globular form, being filled with three hu- 
mors, the vitreous, the cr ystalline, and 
the aqueous. ‘The iris floats in the aque- 
ous humor, and divides it into two pafts, 
which communicate with each other, 
through the aperture in the middle of tlie 
eye called the pupil. The rays of light 
penetrate the transparent cornea, by whose 
convexity ihey are united into a focus, 
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passing: through the aqueous humor and 
_ pupil of the eye into the crystalline hu- 
mour, which makes them converge still | 
more; and after this concentration, they 
penetrate the vitreous humor, and imprint 
the image of external objects on the retina; 
which is an expansion of the optic nerve, 
and conveys those images to the mind. But 
_ to give you a better. idea of what takes 
place within the eye when it is struck by | 
anyobject, I shall to-morrow morning make 
an experiment at home, which ‘you may . 
afterwards easily repeat yourselves. We 
will close the window-shutters, and adjust 
te a hole that must look towards the fields, 
a. pastebcard tube, a foot long, and four. 
6r five inches in diameter, provided, at 
the end next the window, with a convex, 
_gilass, having a focus of six inches; that 
18, collecting . the rays of light at the 
_ ‘distance of six inches;, and the edge, | 
of which we shall cover: with a narrow. 
éircle of pasteboard, to: prevent: too much 
light fronr entering: Into thistubewe will 
slide a second, covered with a piece-of fine 
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parchment, or bladder, at the end which 
enters the first tube. We will direct this 
kind of telescope to the fountain upon the ~ 
terrace. You shall put your eyes to the 
tube to see what is passing within it, and 
you will perceive the obelisk and its pedes- 
tal represented in miniature upon the 
parchment, in the most distinct manner, but 
in a reversed position; you will likewise 
see, in the same way, the weeping willows 
which overshadow the fountain. Nowthis 
artificial machine is a rude, but very faith- 
ful image, of what takes place in our eyes; 
the order and the operation are the same. — 
The little circle of pasteboard, placed 
round about the convex glass, to throw off 
the rays, which by their multitude would 
confuse or weaken the image, answers to 
the iris, or coloured circle'im the anterior 
part of the eye, with this difference, that 
the pasteboard circle always presents the 
same aperture to the rays; whereas the. 
iris of the eye, by means of its small 
muscles, enlarges the aperture which we 
‘term the pupil, when we have occasion for. 


yee 
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a stronger light, and instantly contracts it 

when a too vivid light would render the 
image confused, or injure the organ*. 


* It is owing to this eontiectite power of the iris, that 
when a ‘strong light suddenly succeeds to darkness 
we are under the necessity of closing the eye-lids, or of 
turning away the head till the pupil has been accom- 
modated to the change. 7 

«It is to be observed,” says Paley, “that, in the 
human subject, this hole in the eye, which we call the 
pupil, under all its different dimensions retains its exact 
circular shape. This is a structure extremely artificial. 
Let an artist only strive to execute the same. He will 
find that his thread and strings must be disposed with” 
great consideration and contrivance to make a circle,’ 
which shall continually change its diameter, yet pre- 
serve: its form, This is done in the eye by an applica- 
tion of fibres, 7. e. ‘strings, similar in their position and 
action to what an artist would: and must employ if he 
had the same piece of workmanship to perform.” 

Another remarkable property possessed by the eye 
ought not to pass unnoticed, that is, the power of 
adapting itself to the-perception of objects that lie near 
at hand, as well as of ‘those which are placed at'a con-' 
siderable distance. According to the principles of ‘op- 
tics, rays issuing from points placed at a small distance 
from the eye, and which must consequently enter it in a 
spreading or diverging order, cannot by the same instru-- 
~ ment in the same state be made to form an image in the. 


ag 
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Richard. What, papa, isthe little aper- 
ture, called the pupil, capable ef enlarg- 
ing and contractin’ according to circum- 
stances? 


same place, with rays proeeediag from objects situated 
ata much greater distance, and which rays arrive at 


the eye in nearly parallel directions. It was therefore — 


necessary that the organ should undergo: an alteration, 
and receive an adjustment corresponding with the exi-~ 
gency of the case. From some recent discoveries, it is 
foand that by the action of the straight muscles, when- 
ever the eye is directed from a distant to a near object, 
three changes are produced in it at the same time, all 
severally contributing to the adjustment required. The 
cornea, which is elastic and capable of being elongated. 
one eleventh of its diameter, and of contracting spon— 


taneously to its former dimensiens,. is rendered more _ 


round and prominent; the crystalline lens underneath 
is pushed forward, and the axis of vision,. as. the depth 
of the eye is called, is elongated. “ These changes in 
the eye,” observes Dr. Paley, ‘ vary its power over the 
rays of light in such a mamner and degree, as to pro- 


duce exactly the effect which is-wanted, viz. the forma- 


tion ef an image upon the retina, whether the rays 
come to the eye in a state of divergency, which is the 
case when the object is near to the eye, or paratlel to 
one another, which is the case when the object is 
placed at a distance.” 


. 
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Mr. Vermont. Yes, my dear; and to 
ascertain this, you need only go out of a 
dark place into open day-light, and out of 
a light place into the dark with a looking- 
glass in your hand. <You will distinctly 
see the pupil enlarge as you move into ‘the 
dark, anid contract again when you go into 
the light. The manner in which the rays 
are refracted in the convex glass, and paint 
the reversed image of the objéct upon the 
: parchment, is an exact imitation of the re- 
fraction of the rays in the humors of the 
eye. The crystalline, as I have observed, 
has the form and transparency of a real 
Tens or convex ‘glass. The retina, which 
is placed behind the crystalline humor, is 
like the parchment upon which objects are 
painted in a reversed position, after having 
undergone several successive refractions in 
the humors. (See ple l. fig: 4.) 

Richard. But, papa, are objects: really 
phintea on the back part of the eye in an 
inverted position? I should think that in 
this case we must see them so too; but for- 
timately we do not. 
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Mr. Vermont. Some of the most eminent 
physiologists, especially Buffon and Le | 


Cat, have asserted that this is the case 
with respect to infants, some days after 
their birth, when they begin to distinguish 
objects. Those writers maintain that, at 
this period, a child sees objects in an in- 
verted position; but that by touching them 
with his hands, he gradually makes him- 
self acquainted with their real situation; 
and that by the sense of feeling, he thus 
rectifies this error of the sense of sight. 
This opinion, however, has not at present 
many supporters. It is generally coneeiy- 
ed, that notwithstanding the inverted po- 
sition of objects in the eye, we naturally 
see them in their real position. Writers 
on natural philosophy explain this in a very 
satisfactory manner, and we shall again re- 
cur to this subject on some future occasion, 
when our conversations shall relate to that 


science. Let us meanwhile. be content to 


admire this phenomenon. 
Richard. Indeed, it is ee admirable. 
Mr, Vermont, Another, not less so, is, 


a 
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that though the image of an object is 
painted in both eyes, we eivertiielove can~ 
not see it double. 

‘Vandermonde conjectured that children,. 
when they begin to distinguish objects, for 
some time see them double. T his i is evi- 
dently a mistake ; for as the sounds which 
reach both our ears at once are not trans- 
mitted double, so objects painted in both. 
eyes at once do not transmit two images. 

- Richard. IUthink I have heard mamma | 
say, that when we were very little, we 
could not see distinctly; and that we were 
several months before we distinguished | 
persons, and. the figure of objects. 

Mr. Vermont. That is not surprizing; 
it is a circumstance which E can explain to 
you in a very intelligible manner, Ihave 
a German book in my pocket. | Talke te5t 
and read in it if you can. ut Sty 
Richard. What a book, papa! - How 
_ strangely it is printed! Who could decy- 

pher such characters as those! : 
Mrs Vermont. These pages, which to 
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me are so interesting, appear to you, FP 
suppose, like a shapeless: mass of letters, 
huddled together in —_ ee 

BION, eo en 

- Richard: Yes, sai an eh 
. Mr. Vermont. Well, my dear, before 

you learned to read, Wa gelireden German 
to you. If you should learn the latter 
language, the confusion which you now 
ece inthis book would gradually disappear; 
every word would: appear .distinet, and 

would at last become perfectly mte!ligible> 
to you, Now, at our birth, Nature re- 
sembles a book which we have not yet 
learned to read; at first, i) exhibits no- 
thing to oar view but the utmost confu- 

sion; the various objects are jumbled to- 
gether; and we are incapable of distin-. 
guishing suchas are very near, from those | 
which are at a great distance. Hi is only 

by studying them one after* another, by 

touching and examining’ them, that we. 
learn to judge of their form and@ distance, _ 
Fhe eyo then follows with docility the in- 
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ania thre: handy and becomes ‘habi- 
tuated: to see in a correct: mammer, . 

Alfred. Why have we two eee, nick 
Why are ~~ ea ip wes head ? 
~Why—— — 
vor, Vermont. These are ipiibainkind my 
dear, which: you might answer yourself. 
Fhe eye, like aisentinel, is stationed at the 
highest: place of the’ body... Lts:sitwation, | 
as You see, is'as suitable as its form. It 
ig necessary that the eye should move in 
order to see objects; and it is- equally 
needful that a prempt eommunication 
should exist between it and the brain, - It 
has, therefore; been placed in the. head, 
pnd: th b not without some design; for the 
head is formed in such a manner as to: be 
eapable of turning and moving: on either, 
yea to circumstances, and: in 
compliance with our will, wk 
-. Eliza, I should think, papa, that stasis 
eyes were placed in our hands, we could 
raise them: higher than’ our heads; we 
might turn them on every side, and. be 
able to see ec favthony: ML 
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Mr. Vermont. Yes, my dear; but is 
the hand they would have been exposed to 
a thousand dangers, and the hand itself 
would have been rendered less active and 
less useful. 

Eliza. It is very true. 

Mr. Vermont. Another circumstance 
worthy of remark, is the manner in which 
the eye is placed in the head, namely, in 
front or on the side, according to the par- 
ticular condition of each animal. In man,. 
and in some animals which see little more 


than what is before them, the eye is situ- 


ated in the front of the head, but disposed 
in such a manner that it is capable of re- 
ceiving the impressions of nearly the whole 
hemisphere of objects, which lies before it 
from right to left. In birds, and im some 
other creatures, the eyes are so placed, as 
to see nearly all round them; by which 
arrangement those animals are the better 
enabled to seek their food, and to.avoid 
the dangers to which they are exposed. In 
others, the eye is situated in such a man- 
ner, that they see better what is behind 


; 
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and on either-side of them, which renders 
them capable of perceiving their enemy, 
and escaping from him when pursued. 
Thus in the hare and rabbit, the eyes are 
very convex and prominent, so that they 
can see nearly quite round them; whereas 
‘in the dogs which pursue these animals, 
those organs are placed more in the front 
of the head, to look rather before than 
behind mesma 


* This oN i of the eyes of animals to their re- 
‘spective wants, is observed not only in regard to the po- 
sition, but also with reference to the constitution of 
-those organs. — ; 

On this subject Dr. Monro, in his Compatibles Ana- 
_ tomy, makes the following interesting remarks: 

_. « All quadrupeds have at the internal canthus of the 
eye, a firm, strong membrane, with a cartilaginous 
edge, which may be made to cover some part of their 
-eye, and this is greater or less in different animals, as 
.their eyes aré more or less exposed to dangers in search- 
ing after their food, This membrana nictitans, as it ix 
called, is, however, not very large in all these animals. 
Cows and horses have it so large as to cover one half of 
_ the eye-lid like a curtain, and at the same.time it is trans- 
» parent enough.to allow abundance of the rays of light 
_to pass through it. Fishes have a cuticle always over 
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Alfred. Are there any animals, papa, 
3 prpeane re eR Ye edtages: « 


their eyes, as they ve ishaiigaiedeubendll A 
élement, the water. Jn this ae swe may obserte 7 
a sort of gradation. ssi olyssut oon eee ¥ 
“AH quadrupeds have a fick, muscle, ‘called s 
pensorius. It Seriacne ‘almost the 4 whole optic af _ 
and ‘its use is to sustain the vin es pons globe of the a 
exe, and to prevent the optic nerve from being tov 
_ much stretched, without obliging the four strait mus- q 
eies-to be ina continual cintesidionesdetaeea 
inconvenient: at the same time this muscle’ may be 
cbrought to assist any of the other four, by —_s7 
‘particular portion of it to act at atime, ane a 
“« The next thing to be remarked is the fens or the 7 
“pupil, whieh i is different in different animals, but always 
exactly adapted to the creature's way of life, as weil-as 
to the different species of objeets that are viewed. Man 
_ ‘has it eireular, for obvieus reasons; an ox has*it - 
_ owith the longest diameter placed transversely, to take 
in a larger view of its food: cats again have theirs Jike- 7 
wise oval, but the longest diameter: placed perpendica . 
dorly; they can-either exclade a bright altogether, 
-or admit only as niucheas is necessary. The: papll a 
‘different animals varies in wideness, according: as ‘the 
~taternal organs of vision are more or less acute.."Phus, 
-eats and owls, who seek their prey in the night, or in 
dark places (and a ypiiaaeae:) have eyes-so-formed 
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Mr. Vermont. Your: ques eee eacanid 
toads me to an fetogedt earner tee 


‘that.a ii neil light dg slik gap 
on the retina) have their, pupils in the day time con- 
tracted into a aca Bao space, as a great number of 
rays “would | “oppress ‘their nice organs ; while in the 
night, ‘of where ‘the light i is faint, they open the pupil 
and very bait admit the rays. 
| osterior ‘part of the choroid coat,. Which i is 
ta L tum is of different. colours m different 
ereatn eS. Oxen, feeding mostly on grass, have this 
‘membrane or a green color, that, it may, reflect upon 
‘the: ‘retina all the rays of light which come, from the ob- 
Sectsof’ that color, while other rays are absorbed: thus 
ithe animal sees ‘its. food better than it does other ob- | 
jects. Catsand-owlsshave their tapetum of awhitish 
color; and for the.same reasons have-their pupil very 
dilatable and their organs of vision acute: and we shall 
find that all animals se see more or less distinctly in the 
dark, aceording as their’ ‘tapetum approaches nearer to 
‘a white or ‘black. scelor. ‘Thus dogs, who have it of a 
egreyish | color, sdistinguish. objects in the night better 
“than man, whose tapetum is ‘dark: brewn,, and who, 
ebelieve, sees worst in the dark of any’ creature; it being 
-originally designed that ‘the should rest from-all kinds of 
~employment in the night-time. The difference’ then of 
tthe color of -the tapetum, as indeed ‘the’ fabric of any 
other part in different ereatures, always depends on 


? 
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lative to the number of the eyes. They 
are never fewer than two; at least, I de 
not know that any animals have ever been 
seen with less than that number. In some 
they are more numerous*. 

Alfred. But papa, why should we have 
two eyes? Is it only for the sake of sym- 
metry? 

Mr. eiriatints Is it possible that you 
cannot perceive the admirable wisdom of 
Providence in this arrangement? Don’t 
you see that this number is_ perfectly 
adapted to embrace a larger angle or a . 
more extensive field of view? Are you 
not aware that, by this provision, man 
and animals are in some measure prepared 


some particular advantage accruing to the animal in its 
particular manner of life from this singularity.” 

* « The greatest part of insects have more than two 
eyes. The spider and scorpion have eight. Some in- 
sects have more than a thousand eyes collected in two 
orbits. In a-fly sixteen thousand eyes have been count- 
ed; in a beetle six thousand three hundred and sixty- 
two; and in a butterfly sixty-four thousand six hundred 
and fifty.” ¢Sturim’s Reflections). © 
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. for the loss of one of these two organs, 
which are so beautiful and so necessary? 
_ Richard. I held my eyes before in great 
‘estimation, but must confess, that till now, 
Zt never was- may repens wert bets 
value. fi 
apf ll Vermont. To form a correct judg- 
ment. of that, it is sufficient to consider 
me precautions which have been 
ken by Nature for the purpose of de- 
fending them against all dangers. Likes — 
diamond of inestimable value, the eye. is — 
lodged in a strong box, constructed with 
gteat art. The eye itself is protected in 
_ front by a covering of exquisite workman- 
ship. The eye-lids, the covering to which 
Tallude, have a soft smooth surface, that. 
‘they may not injure these delicate organs. 
Whether the fear of any accident obliges 
us to shut them, or we chuse to oper 
them, the eye-lids:are so admirably adapt- 
ed to either of these motions as to perform 
them in an instant. . They are kept moist 
‘by a fluid which the lacrymal gland, si- 
tuated above the eye, near the external 
ee 


) 
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_ angle, is continually pouring between the 
eye and the eye-lids, to facilitate their 
movements*, They are fortified, if I 
may so express myself, with a palisade of 
eye-lashes, which serve to repel whatever 
would attack the eyes when they are open, 
and to envelope them, that they may re- 
pose unmolested, when they are clesed 
and rendered useless by sleep. ‘They haye, 
moreover, the advantage of bemg hidden 
and defended by eminences; for on the 
one hand they have ihe protuberance upon 


* The contrivance for carrying off the superfluous 
part of this briny wash is truly admirable. “It is 
conveyed to the nose,” says Paley; “ through a ~ 
perforation in the bene as large as a gevse-quill. 
' When once the fliid has entered the’ nose, if spreads 
itself upon the inside of the nostril, and is evaporated 
by the current of warm air, which, in the course of 
respiration, is continually passing over it. Can any 
pipe or outlet, for carrying off the waste’ liquor from 2 
dye-house, or a distillery, be more mechanical than 
this is? It is €asily perceived that the eye must want 
moisture: but could the want of the eye generate 
the gland which produces the tear, or bore the hole 
by which it is discharged—a-hole tarough a bone?” | 


oy 
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which the eye-brows are situated, to stop 


the sweat which runs down from the fore- 


head; and on the other,-the cheeks project 
a little to preserve them from accidents | 
from below.—But let us make an experi- 
ment. Come near me. (He strikes the 
pains = his hands esses with vier 
lence). is : 
. Alfred. y /hat’s that for, dink Why 
did you clap your hands ee with 
such force? 3 
Mr. Vermont. You were all afraid 


lh 


you all suddenly shut your eyes. _ 


» Alfred. Did I shut nt ayes I nd 
not perceive it. 

Mr. Ware he reason is, ‘wu. 
that movement is performed with extreme | 


celerity, and’ without any participation of 


your will. Itis a movement.of Nature, 
which immediately closes the eyes when 
they are threatened with the least danger: 


_ so sure is the providence of instinct, and_ 


so great is the flexibility of the eye- lids 1. 
Eliza. I never supposed that my eyes 
‘lids were so attentive to defend. my eyes. 
D e 
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Mr. Vermont. They have another use 
besides. | 

Eliza. And what is that, ‘oui Tam 
curious to know. 


Mr. Vermont. As they consist of a thin | 


and flexible, but yet strong skin, they not 
only serve to defend the eye, but are like- 
wise adapted to keep its surface. clean. 
Their edges are fortified by a soft and 
tender cartilage; by means of which they 
not only perform their functions the bet- 
ter, but open and shut with greater ease. 
From this cartilage rises the palisade of 
hairs which I have already mentioned, of 
such great use to defend the eye from too 


vivid a light. The eye-lashes are of the, 


same nature as the hair of the head. Why, 
then, do they not grow, like the hair, to 
an inconvenient*length? W hy-is it that 
when they have attained the length of per- 
haps lralf an inch, they suddenly stop and 
grow no more? Why do the lashes of the 
upper lid rise upward, bending in the form 
of asmall bow? Why do the lower ones 
také a contrary direction, and likewise 


> ‘ 
a eee 


oF THE EYES. 53 


sain a small bow, but eitly! its back to 
the upper? Is it not evidently for our ad- 
vantage that Nature stops their growth, 
sais gives them so convenient a direction? 

._ Alfred. O papa! as I look at your eyes 
and eye-lashes, I see that what you wes is 
-true. 

Mr. Vermont. I siti tell you 1, many 
other particulars relative to the structure 
of the eyes. I have said nothing to you 
concerning either the ramifications of the. 
nerves in the globe of the-eye, or of the 
arteries, or of the veins which are many of 
them imperceptible, and run through every 
"part, or of the utility of the black color 
of the choroid*; but what I have told you 
will be sufficient to give you some notion 
of an organ, without which we should be 
plunged into profound darkness, and every 


--* The ball of the eye is a case of a globular form, 
consisting of three coats; the external one called the 
sclerotica ; the choroid, the intermediate one abound: 
ing with blood-vessels, and the internal coat, formed’ 
by the retina... Respecting the different colors of the: 
choroid in different animals, see note, p. 47. 
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moment exposed to a thousand dangers. 
To impress on Eliza’s mind the remem- 
brance of our conversation, I shall endea- 
vour to speak to her for a moment in the 
language of signs, which is often the most 
expressive. (He covers her eyes with 
both his hands ). ? : 
Eliza. Why do you cover my eyes, 
papa? | 

Mr, Vermont. That you may be sen- 
sible how unfortunate you would be, if 
you were deprived-of sight; that you may 
pity your wretched fellow-ereatures, who 


are in that condition; that you may every 


day thank your Creator, for haying even 


you an organ, by means of which you en- 


joy the light of heaven, and which serves 
to direct your steps. Nature is at this 
moment decked with all her splendor; the 
azure sky and verdant earth exhibit a 
matchless spectacle. But this spectacle is 
lost to you. Darkness thicker than that 
of night surrounds you on every side. 
But be of. good cheer, Eliza, and be 
thankful to Providence; for this darkness 


oF THE EYES. 3 are 


will instantly be dispelled, as if by enchant- 
ment. (He removes his hands). | Look 
up and behold the beauty; the majesty of 
Nature ! 


_ After this conversation, Mr. Vermont and | 


his children proceeded gaily homewards. 
‘The sun having reached the end of his 
course, painted the west with the most 
brilliant colors; and the horizon, tinged 
with gold and purple, presented to the 
view a most magnificent spectacle, 


. Explanation of Plate}, aie 


Fig. 1. Section of the human eye, ex- 


hibiting the different humors. of which 


itis eeimipdiod. 3 = 
~ Fig. 2. ‘Front view of the human eye. 
The aqueous humor which is situated 


in the fore part of the eye is about the 


density of common water, and has the same 


refractive power. ‘The crystalline humor. 


has 1 very little more specific gravity than 


‘water, a its. side aoa power is to that of . 


a 
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water as 14 to13. The vitreous humor, 
again, which is most abundant, exceeds — 
water but very little in its specific gravity, 

and inits refractive power. Thus it is ob- 
_Vious, that the rays of light must. suffer 

three refractions in passing the humors 

of the eye. The cornea is of a globular 

form, and stands rather prominent, in order 

to. take in a greater quantity of light. 

According to the principles of optics, — 
parallel rays falling on a convex surface, 

are made to converge. ‘Thus, let us sup- 

pose CD, fig. 3, two parallel rays, which 

fall on the eye at AB, and enter the pupil. 
‘The aqueous humor Q being of about 

the same density with water, the rays by 

this first refraction would be made to con- 
verge to the point F, attwice the diameter 

of the convex surface. This point, how- 

ever, being beyond the bottom of the eye, 

itis necessary that some other convex sur- 

face of greater density should be inter- 

posed, to increase their,convergence. This 

is effected by the crystalline humor: NN, 

yet the rays would still be made to con-° 
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verge beyond the eye, were it not for the 
yitreous. humor RR, which, being of a 
less refractive power than the former, and 
of a concaye surface, where the rays pass 
into it from the crystalline, they are still 
farther refracted, and united at the bottom 
of the eye, at the point S. | 
. It has been.a matter of much doubt, by 
what means it happens that we see every 
object in its natural upright position,:when 
we know it to be inverted on the organ of 
sensation. The most satisfactory answer 
that can be given to this is, that: we do not 
see the picture which is formed at the bot- 
tom of the eye,. but the object itself. The 
picture, or, rather the impression made on 
the retina, is the means of seeing, and 
therefore. it does not appear of - material 
consequence on what part of the retina the 
impression is made. We in fact see the 
image in the direction of the ray which 
conveys to us the sepsation, or rather in 
the direction of the axis of that pyramid, 
which a peneil of divergent rays forms in 
proceeding from any. point of an object, 
ey 
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Thus, in ne we see the point of the 


arrow (which is indeed depicted in the 


lower part of the eye) in the direction of 


the line a A, that is, in its proper upright 
position. On the contrary, we see the 


oiher extremity of the arrow (which is 
painted on the superior part of: the retina) 
in the direction of b B, that is, at the 


lower end of the object. However, there- 


fore, the image which is formed may ap- 
pear inverted toa person inspecting a natu- 
rafeye, still the eye itself discerns the ob- 
ject in its proper and natural position. 
‘From every luminous point of a visible 
object, cones or pencils of hght are emit- 
ted or-reflected in every direction, but, to 
produce vision, it is necessary that they 


should be concentrated or conveyed to — 
such a point as to make a forcible impres- 


sion on the retina. Thus from the lumi- 
nous body A, (fig. 5) the rays rrr, are 
sent in various directions. ‘Those which 
.fall-upon the transparent cornea CC, are 
there reflected in such a manner as to enter 
the pupil at p, and i pled the crystal- 
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line Tens or humor, they suffer a second 
refraction, and are conveyed to @ point or 
focus at the point a, on the retina, Now 
it is evident, that if the rays could have — 
_ passed the humors of the eye in their na- 
_tural direction, that is, in the direction of 
the. cone . or pyramid CAC, they would 
have made upon the retina a very extensive 
but.feeble impression, such as we know by 
experience, could not produce distinct 
vision. To obviate this, it is appointed by 
the all-wise Author of our existence, that, 
by the force of the refraction which they 
suffer in the eye, they should form another 
eone opposed to the first at its base, and the 
| apex of which is at a, and thus an impres- 

: sion sufficiently forcible to produce distinct 
s vision 1S made on the retina. | 
: - Artificial eyes are sold by the opticians, 
in which all the humors are made of dif- ; 
Be: kinds of glass, and may be separated 
at pleasure. At the back part, where the 
retina is supposed in the natural eye to re- 
teive the converged rays, is placed a piece 
of ‘hound glass, where the i ee from ‘the | 
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Opposed objects is represented in an inyert-- 
ed position, as in a camera obscura. The 
same eff-et may be produced with a natu- 
ral eye, and the ‘nature of vision may be 
thus experimentally demonstrated. Ifa 
bullock’s eye is taken fresh, the posterior 
coats dexterously removed even to the yi- 
treous humor, and if a piece of white 
paper is then placed at the part, the image 
of any bright object before the eye will be 
seen distinctly painted on the paper, but in 
an inverted position. 

If the humors of the eye, as age 
or weakness, have shrunk or decayed, the 
cornea will then be too flat, and the rays 
not being sufficiently bent or refracted, 
arrive at the retina. before they are united 
in a focus, and would meet, if not inter- 
cepted, in, sovne place behind it. They 
therefore do not make an impression suf- 
ficiently correct and forcible, but form an 
indistinct picture on the bottom of the eye, 
and exhibit the object in a confused and — 
imperfect mapner, This defect of the eye 
-is therefore’ remedied bya double convex, 


i 
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lens, such as the common spectacle glasses, 

hich by causing the rays to converge 
3 joner than they otherwise would, afford 
tha t aid to this defect of. Nature which the 


circumstances of the case may require, the 


convexity of the glass being always propor- 


( 


tioned, by one who is capable of directing 
in the choice of ppeapnsiss; to the ereony 
m vision. 

Tf, on tha contrary, the cornea is too 
convex, the pencils of rays wall unite in 
their foci before their arrival at the retina, 
and the image will also in this case be in- 
distinct.. This defect is remedied by con- 


cave glasses, which cause the rays to di- 


verge, and consequently, by being pro- 
perly adapted, will enable the eye to form 
the i image in its proper place. 

i ays of light being emitted or re- 
flected from a visible object in all direc- 
tions, it must be plain that some of them 
from every part of it must reach the eye. 
But though rays are reflected from. every 
age of the object to every part of the 

ounding: cia ro it is evident that 
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only those rays which pass through the 
pupil of the eye can affect the Sense, and 
those rays also give the ideas of color, 
according to the properties of =“ dies 
which transmit or refleet them. ae 
As the direction in which the éueedee 
pencils of light cross each other in the eye, 4 3 
bears a due proportion to the angle in 
which they are transmitted from the object 
to the eye, it is evident that the i 
formed upon the retina will be proportioned. 
to the apparent magnitude ; and thus we 
_have our first ideas of the size and distance 
of bodies, which, however, ‘in many cases 
are corrected by experience. The nearer 
any object is to the eye, the larger is the 
angle by which it will appear i in the eye, _ 
and therefore the greater will be the seem- 
ing magnitude of that body. — s. 6, let 
_ AB be an object viewed directly by the 
eye QR. From each extremity draw the 
~ lines AN and BM, intersecting each other | 
at the crystalline humor at I, Then a 
draw the line IK in the direction m C | 


— is supposed to seis te 


ten 


by . " " 
eye ; 2) a 
+ “eee 
i =z 
; ~ 


isiiacein ingikenive of rinaii then 
pending thus on the et under which 


to their tiusslneds Thus saathidea 
as AB, CD, EF, the real magni- 
yf “which are. very unequal, may be 
| at such distances from the eye as 
leir apparent magnitudes all 
equal f they are situated at such dis- 
tances” he rays AN, BM, shall touch 
the extremities of each, they will then all 
appear under the same optical angle, and 
he diameter MN of each image on the. 
| consequently be equal. 

‘the same manner objects. of equal 
magnitude situated at unequal distances, 
will “a ‘appear unequal. For let AB and 
GH, two objects of equal size, be placed 
i a oe aly 2 at a gemar hang distances IK — 
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each other in I; then OP, the im 
formed by the object GH on thet 
evidently of a greater, diameter i 
image MN, which represents the 
AB: in other words, the ey 
appear as large as an object of the dia- — 
meter TV, situated at the same place as. 
the object AB. 
_ To render the subject sti 1 clea 
pose an object placed at the distance 
two hundred yards, the angle whic ho 
forms in the eye will be twice as_ 
bs n it is one hundred yards o off. 
atever moderate distance the 
Piney the angle it forms in th Bey: 


chiect will a et in. thie pl 
portion. Hence it follows, ] 
situated at different distances, w 
rent magnitudes are equal, are. to. each 
other, as their distances from the. eye; yt *, 
by the same rule, equal objects situated 

directly before the eye, have their apparent... 
magnitudes in a reciprocal proporti 


‘their distances. ey DS enone 


ay Air ; 
ie hes ', 2 <i * ‘ 
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Proposition must, howe 


here ee sense is not ae by 
nt. For if ‘the ‘objects are 

e do not dustin of their magnitude 
» to the visual angle. Thus if a 
is seen at — distance of 


sont oi the pivanahaake ‘of 
; plained by having recourse 
al noone laid down. — the 


th they ori appear upon a level 
‘or, in proportion as the dif- 
are. more aot mal the rays 


ire 


a / ‘ * 
< - s » i "3 


66 OF THE EYES. 


which proceed from them form angles 
the optical axis IK, fig. 6, more ai 
~ acute, and at length become almc 
lel. This is the reason why, af we 
on the sea-shore, those parts of the ocean 
which are at a great distance appear ele- ¢ 
vated; for the globular form of the earth — 
is not perceptible to the eye, aud if it was, 
the apparent elevation of the sea is far 
greater than the arch which a segment of 
the globe would form, within an dista 
that our eyes are capable of reaching, — 
For the same reason, the distant part 
a long wall appear to a person who stand 
at one end, to curve or Reber incre nim. 
In the same manner the high wallofa lofty — 
tower, seems to a spectator placed directly 
under it.to bend over him, and threaten” 
him with instdntdestruction. If any per- _ 
son inclined to make the exp rim , 
~ lie down on his back in such a situation, at 
the distance of five or six feet from the 
wall of which he contemplates the tremen= 
dous height, he will immediately be made 
sensible of the phenomenon, & 
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. ey é ‘is carried. along, as in'a boat, 
; war of its a 
7 each 


: Thi us we attribute to dicts sun and 
yther heavenly bodies, a diurnal motion 
h se Aoeca the earth we inhabit. 


wit: appear | to be presi 
1 whieh i is really stationary 
‘motion, Thus the clouds: 
the face of the moon ap- 
the moon itself appears to 
along i in an opposite direc- | 
appens. because the eye, which 
e clouds, follow their motion 
ni — and therefore the moon ap- | 
9 move — not the —— as in 3 


— eer seth upoR. 


rq 


ES 
a 
we 


68 OF THE EYES, 4 


which vision is performed; but the sense 
of sight is limited not only with respect | to 
distant objects, but with respect to these 1 
which are near. Every person willeasily — 
perceive, that if a book or any other object 
is held too close to the eye, the letters or : 
the object will appear very indistinct and 
confused. This distance varies with respect 
to different eyes. Very near-sighted per- 
sons can see at the distance of one or two 
inches, but where the eye Is in a sound 
state, the point of distinct vision varies 
from six to ten inches, or eight inches as a 
medium. Ptrtte} 
_ From the principles laid dani it may 
easily be understood why very minute ob- 
jects are imperceptible to the naked eye. al 
If those objects could, consistently with 
distinct vision, be brought near to the eye, 
they would be perceived as well as by the 
aid of a microscope; hence some very near- 
sighted persons may be said to have micros- 
copic eyes; but at six or eight inches, the 
limit of distinct vision, these objects sub- 
tend too small an angle to be perceptible. 


AA 


“ 


ae rs 
. 


OF THE EYES. — 68 


Opticians a assert that the eye is not capable 


‘ceiving any object which subtends an. 


angle of ess than half a minute of a degree. 
The image on the retina, is in this case less 


sawree azoo part of an inch, and the 


object itself at six inches distance’ less 
than zs part of an inch broad: All 
sofialler objects are invisible. tive 

All very distant. objects, upon the same 


itiipion appear indistinct; for their 


images on the retina are so extremely 


small, that the distinction of parts is not . 
perceptible. ‘Thus, if a man of six feet 


- stature is viewed at the distance of a mile, 
his image on the retina will not be more 
than the s¢s5 part of an inch im length: 
‘We cannot be surprised, therefore, if the 
eye can discern nothing of. his features-or 
_ the minuter parts of his body. 3 
hy Distant ‘objects, however, appear not 
only indistinct but obscure, and this last 


effect’ proceeds from a deficiency of tight A 


very many of the rays being intercepted in 
their passage through the air. Hence the 
difference in the appearance of such objects 
“ 
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in a dark, cloudy day, when the air is im- 
pregnated with yapors, from that which 


they assume when the sun shines full and © 


strong upon them. 


With a single glass the defects in sight, 3 


with respect to ‘many objects either too 


near, or at too great a distance for the per- 


-sons labouring under them, are remedied ; 


but there are cases where the object is so © 
far distant, or so minute, that, though its 


outline may reach the eye, its parts must 
still, even with the aid of a single lens, be 
indistinctly perceived. The’ art of man 
has discovered a remedy ina great degree 
for this imperfection, and by means of a 


combination of glasses, has opened a wide 


field for his researches into the wonders of 
Naiure ; he can now trace the limbs of an 


insect invisible to the naked eye, or he can 
make the celestial objects appear to him as 


if their distance had been on a sudden 
diminished by many millions of miles. 
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OF se ‘EARS, oR THE ORGANS OF HEARING. 


: aa 
i PyhiE AHO 
ie Raw stalhoWitie: yy Mr. Vermont 
employed the morning in shewing his 
children the experiment with the camera 
obscura ; and towards evening he walked 
with them into the pleasure grounds. - 

After rambling for some.time, he sat 
down in the shade of a spreading tree, 
and his young companions soon seated 
themselves beside him. A nightingale 
concealed in a horn-beam hedge, poured 
forth his melodious strains, which did not 
escape the notice of the children. They 
durst not speak, lest they should. frighten 
the ae ‘away. Eliza in particular, re-- 
mained motionless with admiration; she 
dost not a single note of the winged cho- 
rister ; 5 put she was vexed mn she could 
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not see the bird whose song gave her s@ 
much delight. 

At length she rose, and so did Alfred. 
Eliza went softly towards the hedge where 
the nightingale was perched; Alfred fol- 
lowed, and the bird flew away. Alfred 
accused his sister of being the cause of 
this disappointment, and Eliza retorted 
the charge. Both of them, in some con- 
fusion, returned to their father, and again ) 
seated themselves by his side. 

Mr. Vermont. You are justly punished 
for your too great curiosity; but listen— 
the nightingale sings again. ' 

Alfred. But papa, what bird is that 
which is singing at a greater distance, 
and keeps continually repeating Ys Ys 
yo? : 

Mr. Vermont. It is called a blackbird, | 
from the colour which precenneinns in its 
plumage. | 

Eliza. Oh! how I should like to see it. 
Perhaps it would not be so wild as the. 
nightingale. Letusgoandsee. ..., 
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’ Mr. Vermont. You would only lose 
_. your trouble a second time, | 
3 ~ Alfred. Then birds must have very 
good ears, to hear a — s seer at 
sucha distance. — 
Eliza. And while they are singing too! 
Mr. Vermont. Yes, my dears. As 


birds are exposed to a thousand dangers, 


it was but just that, Nature should richly 
endow them with the faculty of hearing, 
in order to ape, a to guard Kear 
accidents. 
Alfred. But whit are the ears of birds? 
pe cannot see them. 
Mr. Vermont. That is not surprising: 
they ae ‘eovered with feathers, 9 
- Alfred. What for, papa? : 
Mr. Vermont. Because, if birds hat 
long ears like certain quadrupeds, they 
eould not cut the air with such velocity 
as at present. ‘Their ears would be like 
sails} that would drive them back when 
Pedram to go forward. 
 £liza. But papa, where are their ears 
vitenban wi . Le ge “3 
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g Mr. Vermont. In the head, near the 
eyes. This position is extremely adyan- 
tageous, for sight and hearing are very 
closely connected, They are two sentinels 
which watch together for the safety of the 
individual! 

Richard. I should imagine, papa, that 
the ear is a much more vigilant sentinel 
than the eye. 

Eliza. Our eyes close when we kia 

Mr. Vermont. And our ears never 
close. When all the other senses slumber, 
the ear is in some degree awake. It is 
continually on the alert, on the listen. If 
it hears slight noises, sounds to which it 
is accustomed, it does not alarm us; but 
if the noise is violent or extraordinary, it 
rouses us without hesitation, and seems to 
say: thereisdanger! ' 

Eliza. That is exactly the case with me 
when there is a thunder-storm at night, 
As long as the claps of thunder are not 
Joud, my ear does not apprize me of them; 
it lets me sleep soundly; but when the 
peals are so violent as to shake the house, 
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it never fails to 'waken me, which vexes 
meagooddeal, 

_ Alfred. I wake too sometimes, when it 
thunders, and then I envy the deafness of 
old Jonathan. But papa, how comies it 
that Jonathan is deaf?—His ears look ex- 
actly like ours. © | 

Mr. Vermont. Yes, externally; but 
the defect which occasions deafness is in 
the interior of the organ, and for that rea- 
son inaccessible to. the hand that might 
otherwise be capable of curing it. 

Richard. Then, papa, is it for some 
useful purpose or only for ornament, that 
our ears have received their present -ex- 
ternal conformation ? - 

Mr. Vermont. Nothing in Nature was 
made without some wise design, my dear. 
The ear is admirably formed to collect 
_ from every side the vague impressions of 
sound, and afterwards to convey them 
gently to the internal organ of hearing. 
The first thing which strikes us when we 
look at it, is a kind of chamber with its 
_ winding cavities. All these little hollows, 

thi pal E 9 
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all these small eminences haye their use. 


It is these that modify sounds, that soften 
them and prevent confusion. A convincing 
proof-of the great advantage and conveni- 


ence of this external structure of the ear, 
is, that if by any accident a person were - 


deprived of it, he would hear nothing but 
confused sounds, accompanied with a cer- 
tain murmuring similar to that caused by 
the falling of water. : 


Alfred. ‘That is exactly the noise obit 


I hear when I press my two hands closely 


to my ears. It seems as if there was a- 


water-fall or a water- mill at work by my 
side. 


Mr. Vermont. It is now my turn to ask 


you a question, my dears. ? 


Richard. Well, papa, what ts it ri 


answer it if not too difficult. | 
Mr. Vermont. What is one ear made 
OL? 74 


Eliza..itismade of flesh. © 
My. Vermont. 1 am much mistaken if 


* 


{ don’t feel something harder. 
_ Alfred. And so do I. 
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Mr. Vermont. What do you feel then? 
- Is ita bone? | 
Richard. Oh! no; a bone would be 
harder than that. 5 OS 
Mr. Vermont. It is a substance called 
. ¢artilage or gristle, and which is best 
; adapted for the situation in whieh it is 
placed: for if the ear had been a bony 
substance, it would have occasioned many 
inconveniences, and been. liable to be 
broken by a variety of accidents. Were 
it composed of flesh, it would always re- 
main flaccid; it would absorb and retard, if 
not entirely stop the progressive motion of 
sounds; whereas by its hardness and the 
hollows in its polished surface, it allows 
them an easy passage, by whirling them 
round as it were, and giving them a re- 
gular. reflection, such as they receive in 
vaults, grottos er musical instruments, 
which tend to increase sounds or to render 
them agreeable, and some of ‘which trans- 
mit the slightest noise or murmur to a 
great distance ; 
_. Richard. ‘The ears wr animals, papa, 
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don’t appear to have so many windings as 
ours. 

Mr. Vermont. Thatis true; but qua- 
drupeds whose external ear differing in 
conformation from the human ear, re- 
sembles a truncated cone or cornet, have 
received from Nature a faculty which 
supplies the deficiency in respect to the 
conformation of this part. ‘Their ears are 
moveable. By the contraction of the dif- 
ferent muscles, they can erect and turn 
them towards the quarter whence ths 
sound proceeds; so that a great quantity 
of sonorous rays enters the auditory canal, 
Lut this is not the case with man. Not- 
withstanding the small muscles with 
which his ear 1s provided, it is almost im- 
moveable*, and he would be lable to lose 


* In the second volume of the Philosopliical Transac- 
tions for 1800, is recorded a curious case, in which, 
notwithstanding the almost total loss of the membrane 
of the drum of the ear, supposed to be essential to 
hearing, that sense was retained in a very considerable 
degree. In this instance we are told, the external ear 
had acquired a distinct motion upward and backward, 
which was observable whenever the patient listened to 
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a great portion of sounds, did not the 
windings and eminences forming the 
chamber of the ear, stop, reverberate and 
direct them towards the entrance of the 
auditory canal. Of this any one may 
easily convince himself by inspecting the 
part, and. by examining, in particular, with 
what art all these eminences by their posi- 
tion direct the sound toward this canal as 
to one common centre; so that very few 
sonorous rays which strike the chamber of _ 
the ear, escape that organ. The conse- 
quence is, that of all dient man receives 
proportionably the greatest quantity of 
sound; the ear of findvajnas having a 
less advantageous configuration. Now 
birds, reptiles, and fishes, in which this 
external part is wholly wanting, cannot 
receive so large a quantity of sonorous 
rays as quadrupeds. Perhaps, however, 


any thing which he did not distinctly hear. When he 
was addressed i in a whisper, the ear was seen immedi- 
ately to move; when the tone of voice was louder, it 
then remained altogether motionless. 
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the thin bones of the skull of birds, whicl» 
are highly susceptible of the vibrations of 
sound, may partly compensate for this de- 
ficiency, and render their hearing more de~ 
licate and distinct. 

Richard. But papa, when sounds have 
entered the channel of the ear, where do 
they go to? ) : 

Mr. Vermont. Before we proceed any 
farther, let us for a moment consider this 
winding channel, which begins at the bot- 
tom. of the external ear. Formed partly 
by a cartilage and partly by bone, it is 
covered with a skin containing an infinite 
multitude of glands which furnish a thick, 
yellow, unctuous, wax-like humor, that 
adheres ‘to its sides. Nature has formed 
this bitter wax in the channel of the ear, 

that,af small insects attempt to «pene- 
trate into it, they may be caught as if 
with bird-lime. It is a remarkable cir- 
cumstance, that this viscous humor is con- 
stantly found in the ears, if not of all, at 


least of most of the species of animals 


J 


o> 
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whose’ears are formed like a funnel, and 
in which the channel is long and wide 
enough to admit'the earwig and other in- 
sects. It is not found in birds whose ears 
are covered with feathers, and in which 
the’ tympanum is very little sunk in the 


ous usr . 4.0 ee, Ses Be he ¢ is - A 4 : bi 
head; for it would be unnecessary to de- 


fend ears of little depth and so well pro-’ 
tected, with such a humor. But we de- 
rive another advantage from this wax-like 
humor. ‘By lining the auditory canal, it 
tends, by ‘its consistence, to prevent any 
useless, and perhaps pernicious impression, 
which the rays and vibrations of sound 


— produce upon the sides of that ca- 


nal. If it were cleared away with too 
wth care, we should have too acute and. 


too strong @ perception of sound. The 


sound would then be lost and dissipated in 


its way through the canal; whereas, 


-deadened > by the thick and soft matter 
with which it is lined, it proceeds and acts 


principally. upon the membrane of the 


ruta or <a ae whieh’ Tam going t to 
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Richard; Where is the membrane of 
the tympanum situated, papa; how is it. 
made, and what is its use? 

Mr. Vermont. The membrane of the 
tympanum is situated at the extremity of 
the auditory canal, and separates the ex- 
ternal from the internal ear. It is of an 
extremely fine and delicate texture. It is 
susceptible not only of being agitated by 
the air, like the parchment of a drum that 
is struck and that can give only one kind 
of sound, but it may be more or less dis- 
tended, and is thus adapted to reflect every 
possible tone, Behind this membrane is a 
cavity hewn out of a rock, thatis, wrought 
into the temporal bone, the hardest of the 
body. In this cavity, denominated the 
tympanum or drum, there seems io be an 
echo, in which the sound is reflected with. 
great precision. This cavity contains the 
little bones of the ear, which are four in 
ceived the names of the malleus or ham- 
mer, the incus or anvil, the roundish or 
oval-bone, and the stapes os stirsup. The 


*.? 
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body of the malleus is placed in the upper 
| part of the tympanum, and a long process 
called the handle descends between the la- 
ming of the membranes of the tympanum, 
where it is accurately fixed. It is arti: 
culated with the incus by means of two 
projecting ridges and a furrow between 
them, The incus, which consists. of a 
body and two legs, and is not unlike 2° 
tooth with a double root, exceeds the 
other little bones of the’ ear in size and 
gth; its body is connected with the 
malleus; its shorter leg is placed at the 
_ entrance of the canal, which leads to what 
is called the mastoid process; its longer 
leg takes the same direction with the 
handle of the malleus, to which it is.at- 
tached inwardly by a ligament, and being 
bent inwards at its termination, receives 
the small oval bone, and by this is united 
with the stapes. The two legs of the lat- 
ter are neni. into: a circle, and. where 
they unite at the basis cover the fenestra — 
) ‘, or oval window. This appellation 
ram toone of tae two apertures in in the 


stren oth 
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cavity of the tympanum, for the purpose ~~ 
of communicating sounds to the last cavity 
of the internal ear, called the labyrinth. 

_ Richard. What, papa, is there another 
cavity beyond that of the tympanum? __ 

Mr. Vermont. Yes, my dear; this ca- 

vity is even composed of three parts: the 3 
vestibule, three semicircular canals, and 

the cochlea. But we have not yet done 
with the tympanum. Besides the fenestra 
ovalis, it has another aperture, called the 
fenestra rotunda, which also communi- 
cates with the labyrinth. In order to re- 

flect sounds still better and to augment 
their force, Nature has moreover formed 

in the cavity of the tympanum, various 
windings or hollows called the mastoid 
cells; and to senew the air in them, she 

has there placed an aperture by which the 
cavity of the tympanum communicates _ 
with the back part of the mouth, and ; 
which is called the Ensigehienaeaan 


ome 


* Paley, in treating of the ear, “gives with his, usual 
ingenuity, the following’ reasons why no other co ri- 


vance could have: been adopted instead of the Efista i 


as 
“Se 
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-» Richard. I should think, papa, that if 
there were a communication between the 
back part of the mouth and the cavity of 
the tympanum, we ‘ia hear ee. our 
mouths. gabon tes . at 
Mr. Vermont. . eae licen ales is it the 
case that we open our mouths to hear bet- 
: ter! If we are listening to an orator ad- 
dressing a numerous. assembly, we open 
our ai as if by instinct. panei y 


chian tube. «Tt would not have done” says oe * to 
have had a vacuum in the cavity of the tympanum; for 
in that case the pressure of the atmosphere from with- 
out would have burst the membrane which covered ‘it. 
Nor would it have done to have filled the cavity with 
lymph or any other secretion ; which would necessarily 
have. obstructed both the vibration of the membrane 
and the | play of the small bones. Nor lastly, would it 
have done to have occupied the ‘space with confined 
alr, ‘because the expansion of that air by heat, or its 
contraction by cold, would have distended. or relaxed 
the covering membrane, in a degree inconsistent with 
the e purpose which it was designed to execute. The 
only. aining expedient, and that for which the 
Hated : Nabe serves, is to open to this cavity a com- 
nication with the external air: In one word, it ex- 


actly answers the purpose of the hole ina drum.” | 
a 2 
a, ae 
en Oe 
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we say of any person who listens with great 
attention, that he listens open mouthed. 
This circumstance has not escaped the no- 
tice of one of our greatest dramatic writers, 
Shakspeare, from whose works I have 
now and then read you passages, and who 
mzkes one of his characters say, in the 
play of King John, 

} saw a smith stand with his hammer thus, 

‘The whilst his iron did on th’ anvil cool, 

With open mouth swallowing a tailors news. 

Ihave described to you, my dears, 

the formation of the tympanum, the bones 
which, it contains, and the apertures of 
that cavity. I shall now explain what. 
takes place when the vibrations of the air 
strike against the membrane of this drum 
placed at. the extremity of the auditory 
eanal, ‘The handle of the malleus attach- 
ed to this membrane is affected by the 
shaking which succeeds. This shaking is 
stronger or weaker according as the sound 
ismore or less loud: but when this bone 
1s thus set i inmotion, it soon-communicates 
the” same impression te the ingus, be bh 
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is articulated with its upper part. The 
latter transmits the same motion to the 
stapes, to which its longer leg is fastened, 
and the stapes communicates this same im- 
pression to the labyrinth, by the fenestra 
ovalis, which is covered by its base. Thus 
the movements of the membrane or parch- 
ment of the drum are transmitted through 
a kind on chain to the window of the al 
byrinth. : 
Richard. “What. is the meaning of the 
labyrinth, papa? : 
Mr. Vermont. I. said just now that this 
is.the appellation given to the last cavity 
of the ear, The labyrinth is contiguous 
to the cavity ‘of the tympanum, and it is 
divided, as I have already observed, iato. 
‘three different parts; that is to say, the 
vestibule, the semicircular canals, and the 
eochlea. The vestibule,-thus named be- 


cause it serves for the porch or entrance to 


the semicircular canals and the upper part 
of the cochlea, receives the impression of 
| sound by means of the fenestra ovalis:. but 
OI the one hand, the upper part of the . 
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cochlea, and, on the other, the three se- 
micircular canals, open into the vestibule, 
the air cannot be agitated in’ that cavity, - 
without being soon agitated also in these 
other parts. At the same time, a similar 
commotion takes place in the air contained | 
in the lower part of the cochlea, by means 
of the fenestra.rotunda, to which it is con- 
tiguous; so that the nerves of all these 
parts receive the impressions of sound and 
transmit them to the brain. — i 

Richard. I should never have supposed 
that sounds had such a long journey to 
perform before they arrived there. — 

Mr. Vermont. Of all the parts of the 
ear, the cochlea is the most remarkable. 
Itis a canal which takes a spiral course 
not unlike the shell of a snail, and is di- 
vided bya very thin lamina or septum of — 
cords, which keeps decreasing from the 
base to the top. These diminutive cords; 
which Muschenbroek and other anatomists 
have compared with the strings of a lyre, 
may, from their position, be struck on 
- Both sides at the same time, by the air of © 
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the: upper spiral, which communicates 
with: the vestibule, and by that of the 
lower spiral; which has a communication 
with the cavity of the tympanum by the 
fenestra ovalis. ‘The air acting thus on 
either side of these cords, produces a-mo- 
tion in those which are in unison with the 
sonorous rays, nearly in the same manner 
as the sound of one: instrument excites a 
tremulous motion in the cords of another, 


which are adjusted to the same tone. 


Hence it follows, that, as in stringed in- 
struments, the longest cords give the 
gravest sounds, and the shortest produce 


the most acute, so the lower part of. the 


partition of the cochlea, being the broad- 
est, must serve for the perception of the 
graver sounds, while the more acute are 
‘transmitted to the brain by the action of 
the. upper part of this penta which | 18 
narrower, © 


Eliza.»For my ana what appears most. 
striking | to me in the description of the ear, 
is, the hammer, the any vas ae the laa 
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Is it possible that so many bones are sét in 
motion to convey sounds to the labyrinth? 

Mr. Vermont. Yes, my dear: and it is 
_ very remarkable, that while all the other 
bones grow with the body, these of the 
ear are exactly of the same size in chil- 
dren as in adults. The reason of this un- 
doubtedly is, that the instruments of hear- 
Ing may be uniform for persons of all ages, 
and that man, from his infancy, may have 
the full enjoyment of so necessary an 
organ, 

Aijred. See there now to what the 
flight of the nightingale has led us. To 
that we are indirectly indebted for what 
“papa has been telling us. 

Eliza. She is still singing, Let us pans 
toher. How her melodious strains delight 
- the ear! ph 

Mr. Vermont. Itis not ody by the song 
of birds that Nature designed to gratify our 
ear. Only listen. Do you hear the gentle 
murmur produced -—n the rustling of the 
leaves? 


‘ae 


ae 


{ 
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All. Yes, papa. | ak 5 ie 
Mr. Vermont. Do you beak the biiiok 


which runs Co. the grove close to | 


Ussiaey) 

All; View, papa. : 

‘Mr. Vermont. "These sounds are in- 
finitely diversified in the country, and 
‘from all of them together results an en- 
chanting harmony. Go, Alfred, break 
off a branch of that horn-beam, and bring 
it to me. (Alfred obeys.) Do you see 
how these leaves are formed ? 

Alfred, ‘They are oval and full of 
wrinkles, 


_ Mr. Vermont. AD you see these little | 


indentations, which form a sort of scollop” 
round them? — | 

_ Alfred. Yes, papa. Whe 

Mr, Vermont. Now look at this leat 
of the chesnut, 

Alfred. Vt is totally different. Vis 
would suppose it to be several leaves 
joined together, the indentations are so 
lange and deep. : 


~ » vcs 
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Mr. Vermont. There are other leaves 
entirely different from these. You know 
‘those of the willow. There are some, as 
those of the pine; which are called filiform, 
because they are small and sharp like 
needles. Others are in the shape of a 
heart, as those of the lilach. In short, 
there is an infinite variety of leaves. 

Alfred. 'This variety was certainly in- 
tended to gratify the eye. 

Mr. Vermont. Yes, and the ear also. 

Richard. How so, papa? I can’t com- 
agate that. 
», Mr. Vermont. When the wind hg 
among the foliage of a tree, it produces a 
different sound, according to the form of 
its leaves: and as each kind of tree has a 
different murmur, you would be able to 
distinguish trees by these sounds if you 
were more accustomed to hear them. The 
wind whistles in the pine, it trembles in 
_the poplar, it sounds hollow in the oak. 
These murmurs gre so various, that we 
have not words to express them. They 
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are, nevertheless, the soul of rural scenery, 
and I have often taken ern delight in 
studying them* Ai oy 
BET PRE. A EE RT ST ETT ES EE 
-* “The very sounds of plants are not to be over- 
looked ; for when agitated by the winds, most of them 
emit sounds peculiar to themselves, and which produce 
highly agreeable harmonies or contrasts with the situa- 
tions in which they are accustomed to grow. In India 


the hollow canes of the bamboo, which shade the banks _ 


of the rivers, imitate, as they rustle against each other, 
the noise of the working of a ship; and the pods of the 


cinnamon, agitated by the winds on the summit of a 
mountain, the clack of a mill. The moveable leaves of 


the poplar convey to the ear in the midst of the forest 
the babbling of the brooks. The verdant meads and 


the calm forests, famed by the ze phyrs, represent in the. 


x depths of the vallies and on the sides of the hills, the . 
undulations and the ‘murmurs of the waves of the sea 
breaking against the shore. The coh inhabitants of 
the globe, struck with these mysterious sounds, imagined’ 
that they heard oracles issue from the truvks of the 


oaks, and that the Nymphs and Dryads, enclosed in their, 
rugged bark, inhabited the mountains of Dodona.”—St. 


Pierre's Studies of, Nature. 
| a 
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FOURTH CONVERSATION. 
@F THE SENSES OF BMELL, TASTE, AND TOUCH. 
— 


Mr. Vermonr. You have now some 
idea of the mechanism of the organs of 
sight and hearing: we have yet to con- 
sider those of the other senses ; but where 
is Eliza? 

Richard. She has been to take a look at 
the garden. There she comes with a flower 
in her hand. 

Mr. Vermont. She must certainly have 
supposed that we were going to speak of 
thesmell. | 
. Eliza. Papa, all the carnations in the 
garden are open; I thought I might take 
this one: what a delightful smell it has ! 
(She holds it to her papa’s nose, and then 

. to Richard’s and Alfred’s ). 


a Mr. Vermont. We have smelt it one 
pe: another, and the sense has been 


? 


OF SMELL, TASTE, AND TOUCH. 935 


agreeably affected by its odor. This car- 
nation, my dears, affords me an oppor- 
tunity of. speaking to even concerning the 
sense of smell, of »’ ‘atch the apes of 
the nose is the organ; anc of giving you 
an idea of the ari with which it is contrived 
to receive that sensation. __ | 
_ Richard. Ah! papa, I am impatient to 
learn how the inside of the nose is formed. 
Mr. Vermont. Just beyond the aper- 
ture of the nostrils, which is very narrow, 
the interior of the nose forms two cavities, 
separated like the nostrils by a partition 
- These cavities expand gradually from their 
entrance,. and at length unite into one, 
which communicates with the mouth*. 


_ * “Tn order to render the sense of smelling more 
acute,” observes Dr. Gregory in his Economy of Nature, 
* the internal cavity of the nose is variously contorted 
and. enlarged, by a communication with several adjoin- 
ing cavities, so as to increase very much the surface on 
‘which the sentient membrane is distributed. The cavi- 
ties with which the nostril communicates are called s#hus- 
es; these are the frontal,: which is seated in the frontal. 
bone under the - eyebrows : the ethmoid, which is’ 
spongy cavity in the ethmoid or sieve-like bone; ; 
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This whole cavity is lined with a membrane 
called the pituitary membrane. It is ofa 
spongy nature, and is composed of an inter- 
mixture of vessels, nerves, and a great 
quantity of glands. ‘This membrane is 
furnished with papille, which are compos- 
ed of the extremities of these vessels ; that 
is, of small nervous tubercles, which are 
the organ of smell, and from which the 
viscid mucus of the nose is secreted. - 
Richard. What is the purpose of the 
humors with which the nose is alw ays 
filled, papa? 
the maxillary, which is ‘chiefly formed in the maxillary 
bone, and lies immediately above the double teeth of 
the upper jaw. In animals which smell more acutely, 
these provisions for enlarging the internal surface of the 
nostril are still more remarkable.” ° 
, “This sense,” the same atithor remarks, “is far less 
acute in man than in many other animals. Thus the dog pos- 
sesses a power of smelling of which we can scareely forns 


a conception, and which we happily do not possess. The 
sense of smelling in man is such as to fit bim for deriving 


x. 
enjoyment from a diversity of scents, particularly those 
a y flowers, to which dogs and other animals which: do 
a 


t feed on herbs, seem perfectly insensible,” 


é 
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_ Mr.Vermont. Tokeep the little nervous 
pnd in the state of suppleness which is 
necessary for the performance of their 
office. Among these useful humors must 
be reckoned the tears conducted by the 
lacrymal canal into the nose. 

Richard. It. appears that it is atthe 
nerves which perform the most important 
part in the action of our organs. When 
you were describing the eyes, you told us 
that it is om the extremity of the optic 
aerve.that objects are painted. When you 
treated of hearing, you said that the laby- 
‘rinthis encircled by the branches of the 
auditory nerve, and now we find that there 
4s another nerve ip smelling. 

Mr. Vermont. T- his is called the ifsc. 
-tory nerve. . The great number of its 
fibres is what produces the extraordinary 
‘quantity of — in ihe. pituitary mem- 
brane. 


Eliza. You sneezed just: now, papa ; 
-what is the cause of sneezing?. 

. Mr. Vermont. Besides the olfactory), © 
merve, a branch of the optic nerve enters 

; E 
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‘the nose. It is the communication of this 
small nerye with that of smelling which. 
makes our eyes water when we have in- 
haled very strong odors ; and as this nerve 
is, in its principle, connected with the 
nerves of the organs of respiration, when- 
ever it is powerfully affected, it produces 
in those organs the convulsive movements 
of sneezing. Now, in order to compre- 
hend the mechanism of smelling, imagine 
that.all objects which have any odor, give 
out particles imperceptible to the eye, but 
which we should perceive if our sight were 
more acute. The prodigious quantity of 
these volatile particles, incessantly exhal- 
ing from an odorous body, and that with- 
out causing any sensible diminution of its 
weight, is a proof ot a division of matter 
which fills the mind with astonishment, 
These particles float in the air unperceived 
like the dust ina room, which is not seen 
except in the sunshine. . 

Richard. What ate these particles com- 
posed of? If they were all alike, there 
would-be but one kind of smell, 


4 
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Mr. Vermont. Salt is always the agent, 
or at least the instrument that produces the 
sensation. All salts indiscriminately excite | 
tastes; but they must be volatile in order 
to form odors: it is the difference of the 
salts that constitutes the variety of smells. 

Richard. And how are these odorous 
particles conveyed ito _ cavities of the 


Moser 


Mr. Vermont. By ‘the evade of 
tespiration, which causes the air to pass 
and repass incessantly through these cavi- 
ties, Om its way to and from the lungs. 
‘This is the reason why persons who have 
the passage of the nose stopped by a cold, 


and are obliged to breathe through the 


‘mouth, at such times lose their smell. The — 
passage of the air through the cavities of 
‘the nose, likewise serves sometimes to 


cleanse those cavilies of any matters by 


which it is choaked up, as when the air of 


the lungs is expelled through it with 
_ ylolence, or when 08 blow your nose, or 


‘sneeze, 
F 2 
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Richard. I should think too that if the 
air did not pass through the cavities of the 
nose, we should be obliged to breathe 
through the mouth, and consequently we ~ 
' should always haye it open. 

Eliza, O fie! what an ugly look that 
would have. 

Mr. Vermont. If the air had nota con- | 
tinual passage through the nose, infants 
when they first come into the world, could 
not suck, Thus, when a child is too long 
at the breast, the mother or nurse, if she 
wishes to take it away, need onlyapply a 
gentle pressure to the nose, when it is im- 
mediately obliged to loose its hold. But 
let us continue our walk. 

Alfred. Papa, the gate of the ati is 
open, 

Mr. Vermont. Well, let us take a turn 
in it; we may there speak of taste, and 

-you may yourselves judge of the utility of © 
this new sense, while you eat some of the 
fruit which it affords in such abundance. 


Alfred. Oh! how delightful! Look, 
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sister, at those gooseberry bushes, which 
have more fruit than leaves. See whit fine 
largé ned: gooseberries.;, ler )%0 6.) te 

Eliza, What is the reason, ni that 
gooseberries turn red as they ripen? — 

_ Mr. Vermont. It is not easy to explain’ - 
to you in what manner this takes place ; 
but £ can tell you why, or rather you have 
no need of that information. Look at that 
bush; some of the berries are still green 
and others are red, Which oll tas are 
fit to eat? 

| Eliza. The red ones. 

Mr 2 Vermont. And if all the ‘hokeies 
continued green, how would you know 
which were fit to eat ? ‘ 

- Eliza. I should be a good deal pivaled, 
and should certainly mistake them. 

Mr. Vermont. tt is therefore very for- 
tunate: that, by their change of colour, 
they afford you a medium by which to dis- 
tinguish the one from the other.. . 

Alfred. Is not what you have said of 
red gooseberrtes applicable alsoto cherries ? 

‘Mr. Vermont. Certainly. ff cherries. — 
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retained their original green colour, we 
should be obliged to climb the trees every 
day to taste whether they were ripe. Pro- 
vidence has relieved us from this difficulty 
by giving ripe cherries a livery, which ena- 
bles us to perceive them at a considerable 
distance. ‘The red color, by catching the 
eye, ivites the hand to gather the fruit, 
which, when arrived at maturity, cannot 
be hurtful, and consequently ought no 
longer to be concealed from our view. 
_ stichard. Papa, you are right. \ As long 
as cherries are wuripe they are hidden-as it 
were, among the leaves: We don’t per- 
ceive them till they turn red. — f 
Mr. Vermont. It is the same with all 
other kinds of fruit. Before they are ripe, 
they scarcely strike the eye at all. They 
are of the same color as the leaves ; but, as 
they advance to maturity, Providence ap- 
prizes us of this circumstance in various 
ways. It clothes them witha eolor which - 
forms a striking contrast with the verdure 
of the trees; it paints them with various 
shades of red, as the cherry; ora beautiful 
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“violet, as the plumb ; ora yellow, sige 
_ or lighter, as the lemon and the orange ; 

a: fine azure, as certain, species of figs ; or 
‘mtosé color, on a carnation ground, as the 
peach. It would be impossible to calcu- 
late the infinite number of. tints employed 
by Nature in. the mere clothing of the 
feuits:- which she every. season. so. profusely 
. bestows, Neither is she content with ap- 
prizing our sight of the period of their 
maturity; she frequently gives the. same 
intimation, by means of the fragrance with 
which she has perfumed them, It is the 
smell that judges of the. maturity of the 
melon, as well as of that of several’ other 
fruits. 

Alfred. Oh, heal! you make my mouth 
water. Ij can fancy that I smell at this 
moment the fragrant odor of melons; 
peaches, pears, plumbs, oranges——_ 

_ Mr. Vermont. To the information given 
us. by the sight and smell, is almost always 
_ added that which we receive from. the 

touch. Ripe fruit grows soft, and thus 
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apprizes our fingers of its maturity, in the 
same manner as its color informs the eye. 
Eliza. 1 remember, indeed, that when 
pears. were in season, I have often felt ° 
them, to judge whether they were ripe. - 
Mr. Vermont. The last mformation: is 
given by the taste, which finally decides 
the matter. Fruits as they ripen, acquire 
a sweet taste, which pleases the most dif- 
ficult palate. This sweet taste succeeds 
the sharpness and acidity which they had 
before. Do you not admire m all this a 
particular attention of Nature to er gras 
tification? = : Pes TM 
_ Alfred. Yes, papa. ont 
Mr. Vermont. Look round you,” my 
dears. Observe by the side of those red 
gooseberries, others which are but. just 
formed, and which will not be red for a 
month to come.—Look at that bed of 
pease with their green pods, while their 
_ stems are still covered with blossoms.— 
Examine these pretty borders of straw- 
berries, Amidst their verdant tufts appear 


ex 
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at once ripe strawberries: and. star-shaped 


flowers.—Look at that honeysuckle elimb- 


ing up the trellis. The ground is strewed 


with its flowers; but later blossoms still 


adorn its branches. By a wise dispensa- 


tion. of Providence all the flowers of a shrub 
do not blow on the same day,. masthes do all 


its fruits ripen atonse. = qe 


Alfred. Indeed, if all the uit of a: tree’ 
vigtidind at once, we should not know what 
to do with it; it is much better to have the - 


enjoyment of it for a. longer time. Papa, | 


there is a row of small shrubs which look 
something like: brambles.. 

Mr: Vermont.. And they actually. fine 
long to that family,. but thanks to a. good 
disposition and attention to. their’ culture,. 
they produce very pleasant fruit. Those: 
are raspberries. 

Eliza.. Along. that. ail. papa; - see? 
trees spread out: like: fans, with leaves. re- 
sembling: those of: the willow... | ‘a 

Mr.. Vermont:. Those. my. mca are 
peach trees ; their fruit: will not. be ripe in. 
less. than twoor three months, You know 

E 5. 
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their exquisite taste. . Peaches are among 
fruit what roses are among flowers. 

Richard. Who would suppose that those 
little green berries would swell out into 
beautiful peaches, equally splendid rh 
color and delicious in taste. 

Eliza. But why are those trees confined 
and nailed with such uniformity against 
the wall ?—Why not suffer them to grow 
in the middle of the or hke those 
Stately pear trees ?- 

Mr. Vermont. It is not from any desire 
to mortify those trees that they are thus 
trained in espalier ; it 1s, on the contrary, 
to place them in a more advantageous 
manner, to expose them more to the sun’s 
rays, to shelter them from the north winds, 
which might greatly mjure RRR. and 
shake off the fruit. ¥ : 

Alfred. That would be very difficult ; : 
I perceive, on touching one of these young 
peaches, that they are strongly attached to. 
the branch. 

Mr. Vermont. Yes, at present they are; 
but as the peaches ripen, they adhere with 
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Ipss: tenacity to the branch which supports 
them. At length, when a. peach. has ar-_ 
rived at the last stage of maturity, this 
may be known, not only from its color, but 
also from its falling into. your nai if you 
| but. touch itever so gently, 
Alfred. Ob! if that be the case, ‘is ar 
fectly : is ht to shelter them from the wind. 
Eliza. 1 was very fond of peaches be- 
_ fore, but what papa has just told.us makes 
me. like them. still: better. _Ah.! how 
charming it will be to come and _gather 
_ them when they are ripe! This willbe so 
much the more pleasing as. the branches are 
Jitemofinay height, 000 subse oes 

«Mr. Fermont. Iti is to be obsexved ‘has 
> peach tree, if it were even. in the.open 
| ground, never attains a great height like 
the chesnut or walnut-tree : its fruit would 
ied too many risks, were ner to RE at 
U n elevation. hissing 

\ Richard. ‘Indeed chesnuts rt walnuts 
ate enclosed, the one ina tough skin, and 
ou 1 other i in a shell, capable of withstand- 
ing a inate but if peaches were to aren 
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from such a height, they would be mashed 
inte marmalade. 7 

Mr. Vermont. And then Eliza could 
not climb up the tree to gather them. 

Alfred. And wé durst not knock them 
dawn with sticks like walnuts, or we them 
with stones, as we do chesnuts*. 

Eliza. Are there different’ lind of 
peaches, papa > . 
' Mr. Vermont. Yes, tobe sure. There 
iseven a greater variety of this species of 
fruit than many others. We might say 
that Nature has taken great pains to gra- 
tify the delicacy of eur taste by the ex- 
treme variety of savors; that of our smell 
by the exireme variety. of . fragrant odors ; 


2 “Our fruit-trees are easy.to climb, and differ in 
thig respect from most. of the forest-trees.. ‘All those 
that produce fruits which are soft when ripe, and’ would. 
be liable ‘to be bruised’ in falling; as the fig, the mult 
berry, the peach, the apricot, present them at: asmall 
distance from the ground: those, on the contrary, that. 
yield hard fruits, which run no risk of sustaining injury 
by a fall, carry them at a great elevation, as the 


nut, the chesnut, and the cocea, — St. Pierre's Stu 
of Nature, ie tle la or ae a Deka: - ate 
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and that of our sight, — the extreme 
er i of forms. 

| Alfred. These are pear-trees, “ believe, 
— are they not ? 


_ Mr. Vermont. They may Att eaeily | 


canoe by the roughness of their leaves, 
and the shape of their fruit, which is al- 
ready quite formed, though it will not 
ees till towards autumn. 

. Bliza, So then there are aw fos every 
seasomr? | ha thegsn ci 
Mr? niitins Wee: emneiics and slit 

is still more admirable than the abundance, 
though that is almost a prodigy, is the 
wise distribution which has been made of 
all these productions, according to the 
wants-of the seasons and climates, during 
winter. _ When the earth is: at rest, and 
ceases’ topr oduce,.m order to recover new 
juices, we enjoy an. ample supply both of 
fruits and vegetables, that will keep:a con- 
siderable time. In summer, the earth is 
daily bestowing fresh bounties; and in 
proportion as the heat of the sun becomes 


more intense, she seems more attentive to 
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afford us cooling fruits, such as melons, 
peaches, and pears. The same connection 
which subsists between the fruits and the 
season is also observable between them and 
the climates. As we advance towards 
those regions, whose mhabitants contt- 
nually see the sun pass over their heads, 
we find not only a profusion of fruits that 
dissolve like the melon, but such as are 
cold, acid, and full of water, capable of 
cooling their too highly rarefied . blood. 
Such are hmes, lemons, sahiaaii and 
ananas. 

We have been led, my dears, into a ot 
conversation on fruits; I did intend to 
have given you some aceount of the organ — 
of taste, and we have only spoken of the 
objects which please it: but we shall re- 
turn at some future opportunity to. this 
subject ; and with respect to the touch, E 
shall take occasion to speak of it more in 
detail when we come to the use and mecha- 
nism of the hand, Hi 2a 
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_ FIFTH CONVERSATION. 
OUR PORE «fin 
‘OF THE BONES, AND THOSE OF THE SPINE AND OF 
Le ih THE HEAD IN PARTICULAR. 
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- Exrza. Papa, will you tell us some- 
thine more about the structure of the _ 
man aes: to-day > 

Mr. Vermont. Yes, my nn It is 
sinibidieewiapi subject, and deserves, in 

every respect, a complete investigation. I 
shall to-day call your attention to the in- 

finite art manifest both in the construction 

and in the arrangement of the bones. Yow 
know that the bones are to the human 
body what the wood-work is to a house. 

They support its various parts ; without 

them the whole body would sink with its 
own weights it would form a shapeless 

mass, and be» iirc of . any aogislan 
motion. 


Alfred, The bones,. indeed, are ihe 
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Jutely necessary for motion, and it is easy 
to see that they are wonderfully arranged: 
with regard to each other. 

Mr. Vermont. Is it possible, my dears,. 
- to survey without admiration, this great _ 
number of bones attached to each other, 
which ascend from the feet to the head with: 
sueh order, and are inserted in one another: 
with such art? United, without teuch- 
ing, lest they should be worn by the fric- 
tion ; and separated, but still not disunited,, 
that they may bend upon occasion, with-- 
out parting—what an. edifice !—what ar- — 
chitecture !—QObserve in the first place,. 
how the whole is supported by two solid.,,. 
though flexible pedestals, the feet ;. each 
surmounted by adouble column,.composed: 
of the two bones of the leg, the tibia. and. 
the fibula, articulated witheach other, and 
with the heel. at. their. lower. extremities,. 
and.. in like manner, articulated. at their 
upper. extremities with each other, and the. 
as femoris,.or thigh bone, which corres- 
ponds with them. 

For the sake oftbrevity,. I shall pass over. 


OF THE BONES. HS 


the remarkable structure of the patella or 
knee-pan*. Hence the:two thigh bones 

~* «The patella or knee-pan,” says Paley, “is a curi- 
ous little. bone; in its form and office unlike any other 
bone,in the body. It is circular, the size of a crown- 
piece, pretty thick, a little convex on oth sides, and 
covered with a smooth cartilage. It lies wpon the front 
of the knee; and the powerful tendons by which the 
lég is brought forward, pass through it, (or rather it 
makes a part of their continuation) from their origin in 
the thigh to their msertion in the tibia. It protects both 
» the tendon and the joint from any injury which either 
might suffer, by the rubbing of one against the other, or 
by the pressure of unequal surfaces. It also gives to the 
tendons a very considerable mechanical advantage, by 
altering the line of their direction, and by advancing it 
farther out from their centre of motion; and this upon 
the principles of the resolution of. force, upon which 
principles all machinery i is founded. But what is most 
observable in it is, that it appears to be supplemental as 
it were to the frame; added as it should seem afterward ; 
r.ot quite necessary, but very convenient. It is separate 
from the other bones; that is, it is not connected with 
any other bones by the common mode of union. It is 
soft, or hardly formed in infancy; and produced by an 
ossification, of the inception or progress of which no 
account can be given from the structure or exercise of 
‘the part.” _ 
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which are single columns, ascend obliquely 
to the hip bones, where they meet two 
other bony substances, which are there im- 
bedded with them, and are attached toge- 
ther before, forming a kind of circular 
basin, destined to support the intestines, 
and to prevent them from falling below 
their natural situation. 

A new subject. of adciteiiae here pre- 
sents itself, Between the two hip bones, 
rises a-seyenth column, which ascends in 


stories from its insertion in those two bones, _ 


to the posterior part of the head, where the 


top of it isinfixed in the base of the era-— 


nium, 


 Phis wonderful cobs denominated — 


the spine, 1s not all of one piece, like the 
six others, but a kind of mosaic work, 
composed of several flat bones nearly of a 


triangular figure, and perforated. to allow. 


_@ passage to the spinal marrow. ‘The 
lowermost is a kind of reversed pyramid, 
the point of which is inserted between the 
two hips, and is denominated os sacrum. 


/ 


All the other small bones, twenty-four in 
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number, are called vertebre, or turning 
bones, in order to express the ence i of 
Be eee 

Richard. Do you sated, papa, to treat 
of all the bones of the human body? 
. Mr. Vermont. No, my dear, they are 
much too numerous for that. I shall only 
speak of some particular ones; and now, 
since we are al the column of the vertebra, 
that is, the spine, let us not leave it till we 
thoroughly comprehend the utility of its 
construction, The spinal marrow, whicly 
is lodged in the cavity of the vertebra, is 
of the same sialihs taal as the brain; it is 
this that supplies almost every part of the 
body with nerves. It is, therefore, of the 
__ highest importance, that, like the brain, it. 
should mee teiccted against external acci- 
dents. Saath. | 

To this end, it was necessary that Ht 
shige be enclosed in a bony case. But 
this purpose might have been answered by — 
a bone like that of the leg. This bone 
would have enclosed and protected the 


@¢ 


116 OF THE BONES. 


spinal marrow: don’t you think it would ? 

Alfred. Yes, papa. 

Mr. Vermont. But then the body would 
have been immoveable, and it would have 
been impossible for us to stoop, or to bend 
in any way whatever. - 

Richard. But it might have had palate 
like those of the elbow and knee. 

Mr. Vermont.- But then there would 
have been other inconveniences. In the 


first place, the parts of the canal of the — 


vertebra, forming very small angtes, or 
approaching very near to each other, the 
spinal marrow would have been compressed 
in the concavity of the joint; and it would 


have been broken, or at least too much — 


stretched in the convexity. Secondly, sup- 
posing these inconveniences had not occur- 
red, and the body had been capable of 
bending backward and forward, still it 
could not have leaned to one side, as is ap- 
parent in the articulations of the knee, the 
elbow, and the fingers. 

Richard. That i is very true. ‘ 


id 
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Mr. Vermont. To render the body flex- 
ible in every direction, and yet keep the 
marrow from being compressed, it was not 
possible to give the spine a more appro- 
priate structure than what it has*. « It was 
highly important to protect the spinal 
marrow, and to prevent acute. angles, 

which would infallibly have bruised it. 
To this end, it was necessary that the 
vertebre should be very small, and conse- 
quently very numerous. Besides, as the 


* <6 The structure of the spine,” says Dr. Kiel in his 
Et % . the very best yar can be it i i, 
our biéhsls hadi it baer two or three bones Receulaeea 
— the medulla spinalis must have been neces- 
sarily bruised at every angle or joint; besides the 
wee would not have been so pliable for the several 
postures we have occasion to put ourselves in. If it had 
peen made of several bones without intervening carti- 
lages, we should have had no more use of it tha an if it 
had but one bone. If each vertebre had had’ its own 
distinct cartilages, it might have been easily dislocated. 
And lastly, the oblique processes of each superior and — 
inferior vertebra keep the middle ¢ one that it can neither 
‘be thrust backwards nor forwardso compress the me- 


dulla _— 
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spine was not designed to form an angle,: 
but a curve whenit moved, Nature has ad- 
mirably adapted it to that end. Each 
vertebra is articulated with two others, by 
means of a cartilage, subservient to various 
purposes of very great necessity. 

In the first place, the cartilage prevents 
the vertebra from receiving injury by rub- 
‘bing against each other. _, , 

Secondly, when we bend the spine toward 
the right side, for instance, the vertebrz 
approach nearer to each other on that side, 
and must necessarily be wider apart on the 
left. Without the cartilage, which pos- 
sesses the property of yielding and shrink- 
ing, this could never be the case: for at 
the time when the spine bends towards the 
right, the cartilage, being pressed by the 
vertebrx, becomes thin on that side, and 
allows the yertebre to approach each 
other; but on the left it contracts at the 
same time in. pigpor teen, and becomes 
thicker. : 

‘Thirdly, a point. particularly necessary 
here is, that the cartilage shouldslikewise 
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possess elasticity, or the property of stretch- 
ing, that, after it has been compressed, it 
may. return to its former. state, and that 
after being: stretched it may again contract. 


This elastic cartilage, placed by Nature 
between the vertebra, serves not only to 
render the bending of the spine more easy 
and convenient, but likewise by its very 
elasticity, to restore it after inflexion to 
its natural state, The. greatest mathema- 
ticians, after examining this. arrangement 
with the.utmost nicety, have been obliged 
to acknowledge that nothing can be more 
admirable*. 

* The spine was ay not only designed to furnish a con- 
venient medium for bending the body in any direction, 
and as the main trunk for the passage from the brain of 
the medullary substance—in which points of view alone 

“it is here considered. It has also to give out from that 
substance, in its progress, small pipes, or nerves, which 
- distribute this essential supply to every part of the body. . 
The same spine has to serve another purpose not less 
necessary, to afford a stay or basis, or more pr ‘ope ly 
speaking, a series of them, for the insertion of the mus- ~ 
cles which are spread over the trunk of the body; in 
which trunk there are not, as in the limbs, cylindrical 


- 
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Were I not afraid of tiring your atten- 
tion with terms too scientific, I should, 
on occasion of the bones, say something of 


bones to which they can be fastened; and likewise, to 
furnish a support for the ends of the ribs to rest upon. 
The manner in which these different purposes are ef- 
fected is admirably illustrated by the ingenious Paley. 


“For the medullary canal giving out in its course 


and in a convenient order a supply of nerves to different 
parts of the body, notches are made in the upper and 
lower edge of every vertebra, two on each edge, equi- 


. distant on each side from the middle line of the back. 


When the vertebra are put together, these notches ex- 
actly fitting, form small holes, through which the 
nerves, at each articulation issue out in pairs, in order 
to send tlieir branches to every part of the body, and 
with an equal bounty to both sides of the body. For 


the next purpose, that is, the insertion of the bases of 
. the muscles and the support of the ends of the ribs, 


especially the former part of it, a figure specifically 


_suited to the design, and unnecessary for the other pur- — 


poses, is given to the constituent bones. . Whilst they 
are plain, and round, and smooth, towards the front, 
where any roughness or projection might have wounded 
the ad jacent viscera, they ‘run out behind and on each 
side into long processes, to which the muscles necessary 
to the motions of the trunk are fixed, and with such 
art, that whilst the vertebrae supply a basis for the muss 
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Ri said Papi pray give us an eepla-’ 
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debe ali help to keep these bones in ‘their po- 
sition, or by their tendons io tie them together, © 
ee That “most ‘important and general pr roperty,, the 
strength of the compages, and the security against lux- 
ation, was however t to be still more specially consulted; 
for where so ) many joints were concerned, aiid where i in 
eyery one derangement would lave been fatal, it be- 
came a subject of studious precaution. For this pur- 
pose, the vertebrae’ are articulated, that is, the move- 
able joints between them are formed by means of those 
pro oje ctions of their substance, which we fiave men- 
tioned under the. name of processes; ‘and these’ so lock 
in with and overwrap oné another, as to secure the body 
of the vertebra, ot only from accidentally slipping, 
but even from biille! pushed out of its place by any 
violence {itt of that which would break the Done. 1 
| d and. adinired this structure in tie 
‘Tn this, as in many instances, a plain. 
ima “ wom muy, spare himself’ the 
disgust of being present at “huinan dissections, and yet 
learn enough fo ‘his information and | satisfaction, - 
even exatnining the bones of the animals which c : 
apon his” ety “Let him take, for example, into. ae 
hands a piece ‘of the ‘dlean-picked~ bone of a ‘hare’s: 
ie consisting | we will suppose of three vertebra. 
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nation of those terms, I will listen. very: 
attentively, in order to Conn ROR their 
signification. 


He “will Gad the 2 Fy Kane of the three so , impli, 
cated, by nieans of its projections or. processes, with 
the bone on each side of it, that no pressure which he 
can use will force it out of its place between them. It 
will give way neither forward, nor backward, nor on 
either | side. In whichever direction he pushes, he 
perceives in the form, or junction, or overlapping of 
the bones, an impediment imposed to his attempt; .y 
check and guard against dislocation, In one part of 
the spine he will find a still further fortifying expedient, 
in the mode according to which the ribs are annexed to 
the spine. Each rib rests upon two vertebra. That 
is the thing te be remarked, and any one may remark 
it in carving a neck of mutton, The manner Of it is, 
this: the end of the rib is divided by a middle ridge 
into two surfaces, which surfaces are joined to the 
bodies of the two contiguous vertebra, the ridge ap- 
plying itself to the intervening cartilage. Now this is 
the very contrivance which is employed in the famous. 
iron bridge at my door at Bishop-Wearmouth, and for 
the same purpose of stability, viz. the cheeks of the 
bar which pass between the arches, ride across the, 
its, by which the pieces composing each arch are. 
united. Fach cross-bar rests upon two of these pieces 
at their place of junction, and by that position, resists, 


OP THE BONES. 123 


Mr. Vermont. ‘The periosteum is a 
membrane of a very close texture, which 
covers'the whole surface of the bones ex- 
cept in places to which Tigaments and ten- 
dons are attached, and where they are 
provided with cartilages. » That part of 
the ‘teeth, which is above their sockets, 
likewise has no periosteum. ‘The uses’ of 
this membrane are, to unite the bones to 
the other parts, and te convey to them the 
small blood-vessels which penetrate and 
nourish them. | 


at least in one direction, any tendency in either piece to 
slp out of its place. ‘Thus perfectly, by one meams er 
the other, is the danger of slipping lateraily, or of 
being drawn aside out of the line of the back, provided 

against; and) to withstand the bones being pulled 
asunder longitudinally, or in the direction of that line, 

a strong membrane runs from one end of the chain to 
the ‘other, suflieient to resist any force which is ever. 
likely to act in the direction wf the back, or parallel to 
it, and conseq to secure the whole combination 
jin their places. The general result is, that not only the 
miotions of the human body necessary for the ordina y 
offices of life are performed with safety, but that it is 
an accident hardly ever heard of, that even the gestic u 
lations of a harlequin distort bis spine” 
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_ The ligaments are strong, fibrous, com- 
pact substances, difficult to be broken and 
torn, and which serve to atiach several 
parts to each other. 

_Synovia is an unctuous and waclasinen 
liquor, which is found within the joints, 
and is destined to keep the ligaments sup- 
ple, and to moisten the surfaces of their 
cartilages, that they may ‘slide with angie 
facility over one another. li is pr pressed 
out by small glands, situated close to the 
sointe?. 
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marks of skill and contrivance than the bones them- 
selves. In all joints, the ends ef the bones which work 
against each other are tipped with gristle, the smooth 
surface and unfriable nature of which render it of all 
substances the most proper for that place. Bones are 
joined either moveably or immoyeably. The moveable 
joints are formed in three ways: by a ball and socket, 
which admits of motion 4n all directions, as at. the 
shoulder; by a hinge, which allows motion in only twa 
directions, as at the knee; and by a long process of one 

received into the cavity of another, which admits. 
eile as in the articulation.of the first, 
and second yertebre of the neck. The immoveable 
articulation of bones is of two kinds: first, where nu- 
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. Richard. ay should like to know, papa, 
how bones are made in the inside. 
- Mr? Vermont. The inside of bones is as 


4 


: 
t 


merous processes of two bones, like the teeth of Saws, 
are mutually received into each other, as in the bones 


of the head; and. secondly, by the growing together of 
bones witl the intervention of cartilage, as m the union 


of the os sacrum with the ossa innominata. 

rs in considering’ the joints,” says Paley i in bis cou- 
eluding observations on this subject, “ there is nothing 
perhaps which ought to move our gratitude more than 
the reflection, how well they wear. A limb shall swing 
upon its hinge, or play in its socket, many hundred 
times in an hour, for sixty years together, without any 
diminution of its agility!—Moveable joints 1 think 
compose the curiosity of bones: but their union, even 
where no motion is intended or wanted, carries marks 
of mechanism and of mechanical wisdom. ‘The teeth, 
especially the front teefh, are one bone fixed into ano- 
ther, like a peg driven into a board. The sutures of 
the skull are like the edges of two saws clapped toge_ 

- ther, in such a manner that the teeth of one enter the in- 
tervals of another, We have sometimes one bone lap- 
ping over another and planed down at the edges; some- 
times. also the thin lamella of one bone received intu a 
narrow furrow of another: in ali which varieties we 
seem to discover the same design, firmness of juncture 
Without eluinsiness im the sear.” , 
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remarkable as their outside. Within are 
discovered three kinds of substanees, and 
cavities of different sizes, which contain 
the marrow and the blood-vessels. Of 
the three substances of bones, one is com- 
pact to give them the requisite solidity ; 
another is ceffular, te render them lighter 
with the same bulk; and this is harder in 
those which have to support considerable 
efforts, and of a hghter and more spongy 
texture in the others. The third is reticu- 
lar, or more or:less resembles a kind of 
ict-work. Ht serves to support the mar- 
‘sow, and keeps it from sinking down. 

Richard. What is the use of the mar- 
row in the bones, papa ? , 
Mr. Vermont. The principal use of the 
marrow is to keep the bony fibres ma state 
of suppleness which pranen them ure 
breaking. 

Eliza. Pray, papa, leave. ee —ers of 
the bones, and tell us something about the 
face. 

Mr Vermont. Before I say any aes 
concernivg the face, I ought te give you 
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some idea of the construction of the head. 
in general, which is still more astonishing 
than that of the rest of the body. The 
architect seems to have exerted his utmost 
skill to crown his work. What a number 
epoca collected to form the'dome? 
ixty-eight have been distinctly counted. 
pre meo ‘I should never have supposed 

that my head contained so. many bones. - 

| liza, I ci eg mine was formed 
of one single piece. . 

Mr. Vermont. This is a greek that all 
the bones which compose it are w onder 
pera arranged, | 

Richard, ‘They must jtideed be jomed 
ropertier with great skill, never to be de- 
ranged. But, papa, since, as you tell us, 
_ the author of Nature does nothing in vain,, 
_ all these bones of which you speak must: be | 
ar for some particular use. | 
Mr. Vermont. Certainly; and if I were 


not afraid of being too prolix, I would 


explain to you the use of all the parts of 
the head. You would soon perceive that 
there is not one of them but what is neces- 
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sary not only for our convenience, but even 
for our existence. 

Eliza. Come then, papa, eel sit down 
on the grass. 

Alfred. tis lucky, papa, that the S1X- 
ty-eight bones of the head are not visible; 
without the skin which covers them 
what frights we should be! 

Eliza. Indeed we should. 

Mr. Vermont. The bainaiel skeleton, I 
must own, however charming it may ap- 
pear in the eyes of some people, exhibits a 
very disagreeable spectacle to others, 
Let us then consider it clothed with its 
natural coverings; and leaving the inside 
ef the head, let us speak only of the out- 
side. Let us admire the exact symmetry 
observed in all the features of the face. 
The face is an open book, in which people 
may every moment read what is passing in , 
our minds. The rich colours with which 
Nature has embellished the face, alter- 
nately express either the tranquillity of 
the soul by their serenity, or its secret 
workings, by their sudden alteration. 
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Over the cheeks, lips, and the whole face, 
are distributed an inconceivable number of 
small muscles, which are susceptible of as 
many — different expressions as motions. 
Some raise our eye-lids, enlarge the aper- 
‘ture. of the eyes, and give us an air of 
ugh ness or indignation; others lower 
the eye-lids'so as to conceal ‘the eyes, and, 
by the multitade of wrinkles formed in 
the lower part of the forehead, denote — 
either grief or profound meditation. 
Alfred. Papa, are the faces of children. 
_ aS expressive as those of grown-up people? 
/ Mr. Vermont. Very often more expres- 
‘sive, because they are more ignorant of 
the art of dissimulation. That .candor 
and simplicity depicted in their faces, 
render them the more interesting, as they 
denote the innocence of their hearts. Look 
ata child asleep.. What sweet serenity! 
ts cheeks and lips have the color of the 
rose; from time to time, pleasing dreams 
imprint a smile on its lips. In this infant, 
wrapped in peaceful slumbers, we discover 
that, of all the forms in Nature, none is 


~ 


Go 
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more beautiful, more touching, more ex- 
pressive than the human face. — 

Eliza. Ut is very extraordinary, that 
though all faces are made in the same 
manner, there are no two exactly alike. 

Mr. Vermont. The reason why this 
should be the case is so plain, that I need 
not repeat it: but, my—dears, it is re- 
‘ markable that there is no part of the face 


but what is useful, and at the same time 


adds to its beauty. Let us take the lips 


fer example: they are indispensably ne- - 


cessary. First, they open to receive food ; 
then they close to prevent its dropping out 
of the mouth... They keep it in when the 
teeth open, and also prevent the saliva 
from running out continually. 

Eliza. ‘That would be a disgusting 
steht! ata . 
Mr. Vermont. In grown-up people, 
they form the voice; m children they 
serve for sucking. : 


Alfred. Indeed the pire of the we 


is plain enough. 
Mr. Vermont. Let us now examine theit 


uo > 
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form and expression. We shall find that 
the upper is cut somewhat in the shape of 
a heart, and the lower is suitably rounded. 
They have a language often more expres- 
‘Sive than words, and long anterior to the 
latter; for before an infant can articulate 
‘any sound, he -shews by the expression of 
his lips what is passing if his soul. ‘They 
are the seat of the sweet smile, and like- 
wise of repulsive disdain; and to confine 
ourselves to the laugh, of which the lips 
are the organs, you know how many kinds 
there are, such as the horse-laugh, the 
forced. laugh, the graceful, disdainful, 
serene, hypoeritical,. spiteful, silly,. sar- 
eastic, &c. You see from this enumera- 
tion, how great must be the flexibility of 
the lips, to adapt themselves to motions so 
contrary and diversified. 

Alfred. Indeed this a —— 
WpPaties: x 

| Mr. Vermont. Itis nothing in sointisei- 
son of that of the tongue, which is a pro- 
digious assemblage of different muscles} 
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Tt can instantaneously, and without any 
other preparation than the order or inten- 
tion of the person to whom it belongs, 
render itself longer or shorter, sharper or 
flatter, swell, turn, bend, touch either 
the palate or the top or bottom of the teeth, 
and perform movements with astonishing 
celerity. : . 
_ Eliza. You mentioned the teeth justi 
now, papa. I think they perfectly justify 
what you said a little whileago. They 
are very useful to us, and,also serve to 
adorn the face. 
_ Alfred. How many teeth have we? I 
never counted them. _ | . 
_ Mr. Vermont. Grown-up people have 
thirty-two, but children of your age no 
more than twenty six or twenty-eight. 
Alfred. What are the teeth made of, 
papa? 4 Sate h, 
Mr. Vermont. The teeth are so many 
sxnall bones surrounded with a very hard 
enamel. This enamel, or varnish, resem- 
bling ivory, which the teeth cannot be de- 
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. prived of, without decaying, is composed 


of parallel fibres or vessels which cover a 
matter so extremely hard, that some have 
considered the teeth as a petrified sub- 
stance. You must have observed, that all 
the teeth are not alike. Some are called 
incisive ; these stand in the front. T hey 
are flat bones, sharp at the end, placed one 
beside. another, and forming an arc of a 


cirele.. The canine teeth follow to the 


right and left of the incisive ; they are 
rounded and more pointed, that they may 


‘penetrate with the greater ease into ali- 
‘ments that are fibrous and capable of res 
sistance. Lastly, come the molares or 


grinders, so called from their action ; they 
have a square surface, which gradually in- 
creases the farther back they stand. 

. Alfred. Is it necessary then, papa, that 


we should have several kinds of teeth? — 


- Mr. Vermont. Certainly, my dear. As 
Nature has designed us to-feed both on the 
fruits of the earth, and the flesh of aninials, 
it was necessary that she should give us at 
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one and the same time incisive teeth, canine 
teeth, and grinders. Each species of ani- 
mal is confined to one kind of food; but 
man, as soon as he acquires teeth, accom- 
modates himself to every thing. _This you 
know, my dears, and you are certainly 
glad that you have incisive teeth, when 
any one gives you a peach or a slice 
of melon; canine teeth, when you are 
yoing to make a solid meal; and grinders 
when you waut to crack a nut. 

Richard. We cannot too often repeat, 
that the Author of Nature has done all 
soi well*, | ' 

Mr. Ferm oti Indeed he has; but iw 

* The more tite the mechanism of the eam 
body is investigated,. the greater admiration it will ex- 
cite. Withont previous information, who would have 
suspected the wonderful contrivance which the Creator 
has manifested in the structure of the teoth! Through 
a small hole in the root of every tooth we trace an ar- 
tery to feed the bone, as well as a vein to bring back the 
spare blood from it; and yet both these, with the addi- 
tion of the nerve which accompanies them, forma thread, 
very little thicker than a horse hair. - 
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eee Tis‘works, be not satisfied with 
indulging a sterile admiration ; strive to 
deduce from it useful: conclusions. The 
maker of a watch is acquainted with all - 
the hidden springs which set it in motion. 
Hence you may conclude, that ‘he who 
‘constructed the head, and has been pleased . 
to endow it with a portion of intelligence, 
cannot be ignorant of what is passing there 
every moment. And how can the Supreme 
Workman, who formed the eye, be blind 
to our conduct ? How can he, from 
whom we received memory, be deficient 
in that attribute in regard to our actions #. 
In vain do we think to escape his eye ; he 
knows all the thoughts of our minds, all 
the movements of our hearts ; and to him 
_our souls are exposed béuradin the least 
disgaiiae: | | 
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Explanation of Plate II. 


This plate represents a front view of the 
buman skeleton, with some of the liga- 
ments and cartilages which connect the 
bones to each other. The names. given to 
the different bones which compose - at de 
as follow: pee | a 


Bones of the Head and Neck. 


tL. Os frontis. q 
2. Os parictale. bial 
Between | and 2 t of the coronal 


suture. 
3. The pars squam | 
bone. fps 
Between 2 and 3 the squamous suture. 
Below the pars squamosa, the zy- 
goma; and lower down above 6, 
the mastoid process. 
4. Osmale. Aboveita portion of the 
| transverse suture. 


of : the temporal 


or 


Os maxillare superius, with the 


Ss 


Se oe | ss ee 
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eight teeth of the right side.-—The 
nasal process of the superior maxil- 
lary bone has the os nasi joined by 
the lateral nasal suture to its inside, . 
and at the outside, within ihe orbit, 
the os unguis.. a 
The ossa nasi joined to each other 
- before by the anterior nasal suture. 


. 6. Os maxillare inferius with 16 teeth; 


the four anterior named incisores, 
the two corner ones canini, and the 
five posterior on each side molares. 
Opposite to 6, the angle of the lower 
jaw; above 6 thaieed iad process, — 


the tygoma,; oud Dohiad the os 
male, the coronoid process. 
%. The seven cervical vertebre with 
their intermediate cartilages. 
Opposite to 7, their transverse pro- 
cesses. 


A 


Bones of the Trunk. 


8. Sternum, 
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8. Its middle piece, to which one 
half of the cartilage that connects 
the second rib, the whole of the 
cartilages of the third, fourth, fifth, 
sixth, and one half of the seventh 
are fixed, 

Above 8, the first or upper triangular 
piece, to which the clavicle and one 
half of the cartilage that connects 
the second rib are fixed, 

Below 8, the extremity o# third piece 
of the sternum, named the cartilago 
ensiformis, to which one half of the 
cartilage that connects f the seventh 


rib is fixed, 

9, The seventh or i t true rib. 

10, The twelfth or last of the five false 
ribs, 


42. The five lumbar nivtandl with 
their intermediate cartilages, 
Opposite to 11 their transverse pro- 
cesses. 
}2. The os sacrum with its five divi- 
sions, . 
13.-Os innominatum, divided inte 
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14, Os ilium, 
15. Os pubis. 


. 16.. Os ischium 


Opposite to 16 the feoebaldet thyro- 
* deum. | 


| Pte of the Superior Extremity. 


pe 17. The clavicle fixed before to the first 


’ girs piece of the sternum and outwards to 

“the acromion of the scapula. 

18. The scapula. 
“Above 18 the cervix: of the: ‘scapula, 
- Opposite to it, the inferior costa ; 
~ and below the outward extremity. 

of the clavicle are seen the superior 

| costa and coracoid process, — 

19. The os humeri. The upper end of 

“it which is connected to the cavity of 
the scapula, named the glenoid, be- 
low the acromion, is denominated its 
head oy ball; on each side of which 
are ‘seen the tubercles, named the 

internal and external; and between 
these a groove for lodging the ype 
flexor cubitt. | 


? 
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20. The internal condyl. 

21. The external condyl, {: 
Between 20 and 21, the trochlea, 

upon which the ulna moves. 

22. ‘The radius. The upper end, which 
moves on the external condyl of the 
os humeri, is named its head: below> 
that, the tubercle for the insertion of 
the biceps flexor cubiti; and between — 
these the cervix. The inferior end of 
it is connected to the carpus. ey 

23. The ulna. The upper end of it 
forms the coronoid process, for the 
insertion of the brachialis muscle. - 

- The inferior end has a process named 
the styloid, ; ich i is connected to the 
carpus by aligament. 

24. The carpus, formed of eight bones. 

-. 25. Metacarpal bone of the thumb. 

26. The metacarpal bones of* ‘the four 
fingers. 

- 27. The two joints of the thumb. 

28. The three joimts or phalanges of the 
fore-finger; and the same are seen in 
each of the other three. 


> 
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Bones of the ¢ tafertor Extremity. 


} os fe The upper end of 
‘it is.na med its head or bail, which is 
lodged in a deep socket of the os in- 
nominatum, named the acetabulum. 

is Between the head and trochanter ma- 
pin jor, the cervix. 

. 30. Trochanter major. © - 

31. 'Trochanter minor. 

32. . Internal condyl. | me 
33. External condyl. core ee 
* aes Patella. The place where it moves 
upon the os femoris, 1S named the” 
¥ od trochlea. >) se a a nae ’ 
35. Tibia. Betw the hie il the 
- ys condyls. of the os femoris, are seen the 
_, semi-lunar cartilages, and below | 
joint, the tubercle of the tibia. __ 
36. Fibula... | 
Pr he Malleolus internus. 
"38. _Malleolus.externus. il ban 
39. Os calcis. ween 39 sie AQ, the 
_. other six hanes of the tarsus, 
40. Metaiprsa bones of ‘the four toes. 


| 


ae 


ie if 
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eal 


142 OF THE BONES.> 


4). The three yon a phalanges of the 
four toes: 

42. Metatarsal all of the great toe. : 

43. The two joints of the great toe. 


a5 . 
; = , 
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Explanation of Plate III. 


The figure in this plate exhibits a “> 
*-view of the human skeleton, with some 

the ligaments and cartilages which con- 
nect the bones. 5, 


Boncs of the Head “~ Neale 


_ bones by the lambdoid suture, Which 
"is between Land2, 
3. Osmale. 
4. Maxilla inferior, witha a as of the 
teeth of both jaws from behind. 
DB. The seven cervical vertebrae. 


Dai o the Trunk. 


6. The seventh or last true rib. 


Cooper sculp. 


a Pi, = a 
Bridge Joka Biaduriore London ; 
i. Co id ve dR a i ee —- 
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%. The twelfth or last rib. 

8. The five lumbar coreg 

9. Os sacrum, 

10.°Os coccygis. 

Il. Os innominatum, Civisied) into 
-12. Osilium. — ) ve 

13. Os pubis. 

4. Os ischium. 


Bones of the Superior ee 


1d. The clavicle, joined outwards to the 

- acromion of the scapula... 

16. The scapula. 

17, Oshumeri. 

18. Internal condyl. 

19. External condyl, 

20. Radius. — 2 

21. Ulna; its upper end named olecrae 
non; and near the wrist its styloid | 
2 

. The eight bones of the carpus. 

23 The metatarsal bone of the thumb. 

24. The metatarsal bones of the four . 
ee 


Pn 


& 
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26. The three joints or phalanges of the 
four fingers. 


Bones of the Inferior Extremi ty. 


27. Os femoris, 

28. Trochanter major, and at the inside 
of it, the cervix. 

29. 'Trochanter minor. 

30. Internai condyl. 

31. External condyl. 

32. Tibia. 

33. Fibula.. 

34. Malleolus internus. 

35. Malleolus externus. 

36. The seven bones of the tarsus. 

37. The metatarsus. 

33. The joints or mr aléied’ of the toes. 
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=" 


a a - 


| a anapiinti I endeavoured yester- 
day to describe to you, my dears, the 
structure of the bones, and the wonderful | 
skill with which they have been arranged, 
to support the body and facilitate all its 
motions. I shall to-day give you a new 
proof of the infinite wisdom of the Creator, 
in the construction of the human body, and 
the prodigious advantages which -we.derive 
from the arrangement of the various oo 

of which it.is composed. om. ae 

“Alfred. What is this new eaaat papa? 
i ee Vernet: You. Haye it in bag 
“Hand. | 
Alfr ed ( opening his hand peel ene it in 

my hand ! ! What do you mean, papa > 
lal Oh! ! I guess. . Papa means io 
e } 3 


as 
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tell us something about the utility of the 
hand. Am I right? 

Mr. Vermont. Yes, my dear. I com- 
mend your penetration. Did you ever re- 
flect on the arrangement of your hands ? 

_ Eliza. Yes, papa; but you will cer- 
tainly teach me a great deal concerning 
them that I am aegis of. 

Alfred. For my part, I never look at 
mine. | 

Mr. Vermont (laughing ). That accounts 
. for their being so often dirty. 

Alfred. 1 plead guilty ; but it proves 
at least that [ would rather make use of 
my bands than look at them. 

Mr. Vermont. Well said! Butis it not 
unyust to be every minute making use of an 
instrument, to be daily deriving from it the 
most important and numerous advantages, 
without ever taking the trouble to eee 
the construction of that instrument ? | 

Alfred. Itis, I acknowledge. 

Mr. Vermont. If we purchase a very 
useful-machinewwhich ‘serves for a variety 


~ 
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- ‘purposes, which is equally remarkable 
for the durability and art of its construc- 
tion, ought we not to admire the talents of 
ithe maker, and to bestow on- him ihe 
‘praises which he deserves? a.) 4s fii» 
ihhtigny Certainly. DS ae, epee 
Mr. Vermont. .And if) this: initiate 
dailies be indispensably necessary, and 
1¢ maker present it to’us gratuitously, is 
not this an additional reason why we should 
pay this skilful and generous workman the 
- tribute of admiration and gratitude, which 
the astonishing construction of his work — 
ane the value of his present alike demand ? 
Alfred. Undoubtedly ;. and he who, 
ape: using the gift, should forget to ad- 
mire the skill; and to acknowledge the ge- 
merosity, .of his benefactor, would be the 
‘most ungrateful. of meat | 
- Mr. Vermont. My dear, there are my 
“ungrateful beings among mankind, 
Eliza. ‘Thanks to you, papa, we shall 
not be among the number, 7 
Mr, Fermont. Give me . your. hand; 
“Richard, and Alfred. Give me yours, 
u2 
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‘Eliza. O my children! how I wish that 
I could awaken in your hearts all the ad- 
_ miration and gratitude which I feel in my 
Own, OR beholding these hands, constructed 
with such consummate art, these hands 
which render you so many services, and 
without which existence would be a bur- 
den to you*! 
Alfred. Why are not. all the fingers of — 
the same length, papa ? | 
Mr. Vermont. The unequal length of 
the fingers, my dear, their arrangement, 


* « And then our hands,” exclaims Cicero, (De Na- 
tura Deorum, lib. 2.) “how convenient are they, and 
how useful in the arts! The fingers are extended or con- 
tracted without the least difficulty, so extremely flexible 
are their joints. With their assistance the bands use 
the pencil and the chisel ; they play on the lyre and on — 
the lute—so much for the agreeable. As to what is 
necessary, they cultivate the earth, build houses, nranu- 
facture stuffs, make clothes, and utensils of copper and 
ef iron, The imagination invents, the senses examine, 
the hand executes. So that if Weare lodged, clothed, 
and sheltered; if we have cities, walls, habitations, 
4emples, it is to our hands that we are indebted for all 
these,” [ ois | — mat 
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their figure, are all the work of the most | 
profound wisdom. 'The human hand i is SO. 

exquisitely constructed, that it is impos-’ 
sible to’ conceive how it could be altered 
for the better. In vain may the human 
understanding combine different forms ; in 
‘vain ‘may the imagination figure to itself 
different proportions, we should never be 
able to discover any better adapted to the 
"purpose. By means ‘of the pliancy and in- 
equality of the fingers, we can grasp ob- 
jects of every possible form. I see a balk 
yonder, at the skirt of the grove, close to 
a stone. Go, Alfred, bring the ball, and 
_ the stone too. 

- Alfred ( holding the ball in one hand, 
and the stone in the other ). Here they are, 
papa. — , 

Mr. Vermont. The ball is around body, 

and: the stone an angular one ; yet the hand 
grasps both of Pave eae equal facility. 
Look at your fingers round the ball, which 
you support in the hollow of your hand ; 
as they grasp the spherical body their in- 
equality penpepearés: In this case you per- 
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ceive the advantages of that very in- 
equality. You must be aware that if the 
fingers were all of the same length when 
the hand is in its natural position, they: 
would become very unequal in grasping a. 
spherical body; which would render them, 
infinitely less proper for the services which: 
they are designed to render us. | 

Alfred. O papa! I see you-are right. 
When my hand gra§ps the ball, I observe 
that all my fingers are of the same length, . 
and that my ihumb exactly ere 
with the middle fioger, | 
_ Eliza. If our fingers did not end, se 
should think they Stel be of no use to'us.. 

‘Mr. Vermont. if the fingers were im- 
moveably fixed ene beside another, the 
hand of man would possess but a smal}. 
portion of its present utility. If m this 
case the joints continued. fkexible, we 
might indeed grasp certain objects; but 
they would be of muclr less size than those 
which the expansion and pliability of our 
fingers enable us to lay hold of. 

‘Alfred. 1 strive to keep my fingers close: 
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together, and Iam convinced that if they: 


were naturally placed so, the hand would: 
be butaminconvenient instrument. 


Mr. Vermont. Almost an useless one in-' 
deed.;. whereas in its present state it cer-. 


tainly-is, aecordmg to the expression of a 
celebrated anatomist, ‘the organ. of or-. 
gans, and the instrument of instruments.’ 


. Bliza, Vt is, probably, because: es 


| haw is: so. useful an. instrument, that we 
have received two. ! 
aie. Vermont. Undoubtedly ;—and again, 
with a single hand we could. have grasped 
only objects of inconsiderable dimensions. 
The assistance, therefore, which one hand. 
affords the other, is a circumstance truly 
-wonderful, since that assistance increases 


an hundredfold the ie which, we de-_ 


rive from them. eK 
Alfred. Why have we » nails at the endal 
of our fingers, pagiard®) 2). .>e. 

Mr. Vermont. 'The form of the tui at 
nails proves | that they have not been given 
us for offensive weapons, like the claws of. 
animals, . Their utility is considerable. 


1. 
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They are placed in the most suitable. man- 
ner; for had the nail surrounded the finger 


like a thimble, we should have lest that. 


exquisite sensibility of touch, the -chief 


seat of which is at the ends of the fingers * 


* « When the epidermis,” says Gregory i in his Econo- 
my of Nature, “ is removed from the true skin, we ob- 
serve small obtuse papillz, which seem to be the parts. 
which more particularly receive the impressions of ex- 


ternal objects. These papillz are rather more remark-— 
able in the skin at the ends of the fingers; and here we _ 


may perceive that they have nerves, though from the 


extreme minuteness of them, they are hardly observ- 


able. We judge of heat and cold from the object being 
hotter or colder than our fingers; of the weight of a 


body from its degree of pressure compared with its 


bulk ; of its moisture by a peculiar sensation, which ; 


seems principally to arise from heat being quickly con-. 


veyed to-er from the finger ; of its figure by applying , 
our hands to its differeut parts; of distance by compa-_ 
rison with oa we know to be the length of the finger, 
hand, or arm.” 

St. Pierre Ses it that touch, al the snack ob- ° 
tuse of all our senses, is, in some measure, the seal of 
our intelligence. ‘To no purpose,” continues he, “is 


an object exposed in every possible way to our view, 
we think our knowledge of it imperfect as long as we 


are not permitted to touch it. This sense, « bscure as it 


_— 
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on the opposite’ side to’ the aad The 
nail serves to um a the finger, and to 


fais may be made the channel of communicating intel- 
ligence, as is demonstrated by the example addaced by 

Chardin, of the blind: Persians, who drew geometrical 

figures, and formed an accurate judgment of the good. 

ness of a watch by handling the wheels.” 

‘These iustances, however, have been far surpassed - by 
natives of our own country, among wliom may be men- 
tioned | Doctors Saunderson and Moyes, Mr. Stanley, 
John Metcalf, aud the young lady who was-attended by. 
Sir Hans Sloane. The latter,.in addition.to the loss of 
sight, had also the misfortune to he deprived of hear- 
ing. Tu this melancholy situation her touch:and smell 
became so ‘exquisite; that she’ could:distinguish-the dif 
_ ferent colors: of silk. and flowers,. and. was sensible when 
any stranger was. in. the room with her. She worked 
much at her needle, and. her. work. was uncommonly 
neat and: exact.. ‘She used also to. write ; aud her writ-. 
mg was yet more extraordinary than her needle-works, 
it was executed with the same regularity and exactness ;_ 
the character. was very pretty, the lines.were all, even, 
and the letters: placed. at’ equal distances. from. each, 
other; but the most. astonishing. particular respecting. 
her writing is, thatshe could by some means discover, 
when a letter had by mistake been omitted, and would. 
place it over that part of the word where it should have 
been inserted with a caret underneath it,. ' 


H. D. 
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double its force upon oecasion. Its 'sub- 
stance has been selected with equal skill, 
Were it softer, it would not be adapted to 
the purposes which it now answers; and 
were it harder, it would be broken by the 
slightest effort of the last joint of the 
fingers. 
_ Richard. What appears wonderful to 
me is, that the arm and hand are always 
ready to obey the will. If I chuse to open 
my hand, it opens immediately; if I chuse 
to shut it, it shuts with equal promptitude. 
Mr. Vermont. Since we are speaking of 
the hand, we ought not to forget the arm, 
to which itisattached*. The human arm 


_ *® © Another mechanical contrivance is seen in what 
amatomists call the fore-arm; that is, in the arm be- 
tween the elbow and the wrist. Here, for the perfect 
use of the limb, two motions are wanted ; a motion at 
the elbow backward and forward, whichis called a re- 
eiprocal motion, and a rotatory motion, by which the 
palm of the hand, as occasion requires, may be turned 
upward. How is this managed? The fore-arm, it is 
well known, consists of two bones, lying alongside each 
other, but touching only towards the ends. One and 
only oue of these bones is joined by the cubit, or upper 
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_ isan universal instrument. Its operations 


are so numerous; that: it, would , be impos- 
sible to mention them all. . In the first 


part of the arm at ‘the: elbow; the other alone to the 
hand at the wrist. The first, by means, at the elbow, of 
a hinge joint, (which allows, only of motion in the same 
plane). swings backward and forward, car rying along 


with it the other bone and ‘the whole fore-arm. In the 


ihean time, ‘as often as there is occasion to turn the palm 


_ upward, that other bone to which the hand is attached, 


rolls upon the first by the help of a groove, or hollow 
near each end of one bone, to which 1 is fitted a corresy 
| ponding prominence in the other. If both bones had 

een joined to the cubit, or. upper arm at the elbow, or 
both to the hand at the wrist, the thing could not have 
been done. The first was to beat liberty at one end, 
and the second at the other ; by which means the two 
actions may be performed together. The great bone 


Which carries the forearm, may be swinging upon the 


hinge at the elbow, at the very time that the lesser 
bone, which carries the hand, may be turning round it 
in the grooves. The managementalso of these grooves, 
or rather of the tubercles and: grooves, is very observ- 
able. ‘The two bones are called the radius and the 
ulna. “Above, that is, towards the elbow, a tubercle of 
. the’ radius plays into'a socket of the ulna; whilst below, 
that is, towards the wrist, the radius finds the socket, 
and the ulna the tubercle, Asingle bone of the fore- 


yy 
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place, this arm,.when rapes NGO i 
the office of a lever or bar. 
Richard. So it does ; and that lever is 
very strong too. ny mt 

Mr. Vermont. When bent in the different 
articulations which divide it, the arm re- 
sembles the flail, the bow, and all sorts of 
shapes. 

Richard. By means of the fist at ia 
end, it strikes like a mallet. ) : 

Mr: Vermont. The two arms when ex- 
tended resemble the balance; and when 
one of them is shortened to support a 
weight, the other, by extending on the op- 


arm, with a ball and socket joint at the elbow, which 
admits of motion in all directions, might, in some de- 
gree, have answered the purpose of both moving the 
afta and turning the hand. But how much better it is 
accomplished by the present mechanism. Any person 
may convince himself, who puts the ease and quickness 
wath which he can shake his hand at the wrist circularly, 
(moving likewise if he pleases, his arm at the elbow, at 
the same time) in competition with the comparatively 
- glow and labouring motion with which his arm can be 
made jo turn round at the shoulder, by the aid of a 
ball and socket joint.’—Puley’s Natural Theology. 
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posite side, maintains the siselastebtcin’ and 
makes up, as in the Roman balance, for the 
excess of weight by the length of the lever. 
In truth, the arm is the model and the soul 
of every instrument: I say their soul, be- 
cause-the excellence of their effects inva- 
riably proceeds from the arm and hand, 
which direct them. It is their model, be- 
cause they are’all imitations and extensions 
of its different properties. 

~ Alfred. I clearly perceive that papa is 
fight; for by pressing my fingers together 
and giving them different positions, I can 
turnthem into hooks, pincers, and tongs. — 
. Eliza. And I can hollow out my hand 
into a’ kind of cup, which would serve to 
carry water in, or even to drink out of. 
_ Mr. Vermont. Yes, my dears: cups, 
spoons, tongs, pincers, peels, spades, forks; 
malléts, levers, and all other implements, 
are so many hands which imitate on a 
larger seale what these ott ona 
smaller. 

Alfred. Who bath ever agioe, upon 
seeing a hand, that an instrument apparent- 
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ly so weak, could render us all the apa: 
that it actually does. 

Mr. Vermont. Nothing, indeed, is more 
sductinatdlds This arm, less than a yard 
long, and four or five inches thick, finds 
nothing that can resist it, when it is assist- 
ed by the force of the ‘eplenliots which 
represent it and facilitate its exertions. It 
then rives the solid rock, and perforates 
prodigious mountains; it sets bounds to 
the current of impetuous rivers, and con- 
ducts them mto new channels. Iron and 
all other metals assume the form that it 
pleases to give them. It overcomes the 
_ fesistance of stones and marbles; itmoulds 
them like wax, either to make arches to 
- join. the opposite banks of a river, or bends 
them: into a stairease, to give man access to 
every part of his house. 

Richard. Or cuts them with the chisel, 
and raises them to a prodigious height, 
to construct a dome as.beautiful‘as that of. 
St. Paul’s. But, papa, how can the hand 
venture to undertake such works ? 


_ Mr. Vermont. By ealling in to its aid 


OF THE ARM AND HAND: 159 


levers, pullies, rollers, cranes, and all sorts 
of ‘machines’ in which a very small force is 
sufficient to conquer a very great resist- 
ance. With this aid the human: hand 
yanquishes all opposition ; and it is this 
kind of magic power, by which it infallibly 
subjects to its. will the most ponderous and 
| intractable substances, that constitutes its 
chief glory. 

. Alfred. Vt must be confessed that man 
is under great obiigations to his hands. 

1 Mr: Wicraband Yes, my dear. Galen, 
an ancient author, who wrote a treatise on 
the use of the different parts of the human 
hody, speaks of it nearly in these terms ; 
*« Man has not received hands for his de- 
_ fence alone ; but with his hands he wields 
the lance and the sword, arms more formi- 
dable than the weapons of animals. He 
has not received pincers like insects, but.in 
his hands, wood. and iron serve him in their 
stead, and in a manner still more beneficial.. 

The lion possesses superior agility; but 
with his hands man has tamed. the horse, 
which surpasses the lion in swiftness. 
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Mounted on a spirited steed, man pursues — 
that formidable animal, whom he overtakes ~ 
and dispatches at his feet. No, it is not 
true that man is naked, defenceless, and 
easily wounded. ' His hands cover him, 
if he pleases, with a coat of mail, which is 
more capable of warding off injuries than 
the hardest hides. of animals, and the triple 
scales of certain fishes ; and it is not merely ; 
thisarmor that protects him, but a house,the 
ramparts of a town, the towers in which he 
entreneches himself. His hands served him | 
to build those houses, to erect those towers.. 
To his hand man is indebted for. his eloth- 
ing. With the assistance of that member 
he makes both the nets with whieh he 
catches the inhabitants of the air,. and 
those in which he takes. in tenants of the 
deep.’ 

‘Alfred. Tt must, nevertheless, require a 
great deal of courage to seize such savage - 
animals as the lion and tiger. 

Mr. Vermont. Look at this hand. 

Alfred. Yes, papa. ) 

Mr. Vermont. It could not resist the 


“ 
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teeth of the tiger ; an elephant would 


break. it with one blow of his trunk; a 


leopard would make but one mouthful of 
it | 


Bisa: Tete ¢ but fortunately we ‘are 


~ notin Africa. 


Mr. Vermont. Well, and yet it is so’ 


weak an instrument that chains the leopard, 


the’ tiger, and the lion. ’Tis the hand of 


man that subdues the elephant and the 


rhinoceros. It tames the bear, who licks’ 


it like a dog, and binds the camel, who 
falls. upon his knees to be tied, or to receive 


the burden which it prepares for him. Not 


only does it soften the ferocity of the most 


savage animals, but it reduces their very 
passions. and violence to its service. Its 


dexterity turns every thing to advantage ; 


and though this hand is of itself a very — 
_ small affair, yet, when you survey all that_ 


it accomplishes, you would take it for a’ 


supernatura! instrument. - 


Eliza. To treating of the fingers, papa, 


you forgot to speak of their pliability, If 


b 
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they were not extremely. pliable, we could 
not Jearn either to play on the piano-forte’ 
er the harp. 

Mr. Vermont. Very true, my dear; a 
Should in that case have no. concerts; and 
what would-be a still greater misfortune,: 
there would be no spinning or sewing. 

Alfred. Is the art of spinning then so 
very necessary? | ~ 
. Mr. Vermont. Tis one of the iota! 
dispensable. It is an assemblage of threads, 
formed by the hands of women, that com- 
poses stuffs of every imaginable texture, 
from the thickest cable to the most trans-) 
parent muslin, It is therefore this opera-. 
tion that clothes and poles us with 7 
conveniences, 

_ Alfred. How gifs I was to. aE 30, 
Rie an art! I now see that the hand 
which turns. the spinning-wheel is as, 
worthy of respect as that which erects an. 
edifice, or launchesaship. © = == 

Mr. Vermont. Yes, my dears; thiase 
hands which hold the distaff and turn the: 
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wheel’ deserve the ‘highest respect: they 
» provide man with wings swifter than these 
. of bet. elles r 

, Bliza. Bsplais yourself, pupal; I don’ t 
understand you. I always enh that 
birds alone had wings. 

Alfred. Oh! ave man had but wings! 


two"! 9 hee 


vee, 


* © The art, of fying,” observes: the pious Dexham, 
“ though i in, some .cases it might be of good use, as to 
the geographer and philosopher; yet, in other respects, : 
ip night prove of dangetous and fatal consequence} ag 
for instance, by putting it it man’s power to diseover® 
the secrets of nations “and families more than is con-. 
sistent. with: the “peace .of. the world. for men to know; 
by giving ill men greater opportunities to do mischief, 
, which it it would not lie in the power of others to pre- 
vent; and as one observes, by niaking men less sociable: 
for-upon every true or false ground of fear or discon 
tent and other occasions, he would have been fluttering’ 
away to some other place; and mankind, instead of co- 
habiting im cities, . would, like the. eagle, have built: 
their nests upon rocks.” 

| Notwithstanding the great improvements made in art’ 
and science, since the publication of the work of the’ 
above-mehtioned philosophic divine, his- position still 
holds good ina great measure. Aerostation continues: 
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Mr. Vermont. And has he not? What : 
are the sails of ships woven by his’ 
hands, but wings which enable him to 
traverse the ocean, a privilege whieh even 
the soaring eagle does not enjoy? 

Alfred. What prodigies the human 
hand accomplishes! | 

Mr. Vermont. Shall I tell you whith is 
one of the most striking? 

Alfred and Eliza. Yee Mpbne. 

Mr. Vermont. You have heard all that 
have said concerning the arm and hand, 
since the beginning of our conversation. — 

Alfred and Eliza. Yes, papa. 

Mr. Vermont. The words which we 
have employed were the images of our 
ideas. When we spoke we painted what 


to bea subject of curiosity rather than utility. The 
recent success of M, Degen, a watchmaker of Vienna, 
in the art of flying, by means of an apparatus of his. 
own invention, promises indeed to, give man an in- 
creased facility of elevating himself into the air, but 
whether that power can ever be applied to any ex~. 
tensively useful purpose, appears relearn? proble- 
matical, 
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the i aaa thought, _and now I am going to 
avail myself of the method ides is em- 
ployed 1 to paint words. 9 iii 
_ Alfred. But how can. any ends ut 
words? [I know that a person, a.tree, a 
house can be painted; but to. punk words 
‘seems quite impossible. 
Mr. Vermont. And yet you do it your- 
self every day of your life. 
: Alfred. Indeed ! , ae 
Mr. Vermont. Yes, my dear, and by 
means of your fingers. People paint their 
thoughts by. words and their words by 
writing. 9, ‘ 
| Eliza. Now I eepieinenl you penctly 
well. 
Mr. Vermont. As you, can 1 draw sade 
pau of the same person, so you may 
make several enna of the same conversa- 
Hone viciertes 
. Richard. Sextaiuly: ‘If ale of; us 
“were | to” write it down, we should. then 
have three. different COPS ate. MMbibs,:!s chm 
Mr. Vermont. How pn se that the 
hand can write what the lips utter! But 
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this is not all. When you have written 
down our conversation, and I have made 
such corrections as appear necessary, I 
shall send it to a printer, a friend of mine, 
‘who ina short time will make all England 
‘and even foreign countries acquainted with 
it. People at the distance of thousands of 
miles will know all that I have said to 
you, as well as-your answers. ‘The pane- 
gyric on the hand and arm will be read at 
‘London, Paris, New York, and in many 
retired country-houses, where affectionate 
parents superintend the education of their 
beloved children as Ido yours. -.  & 
Richard. It must be-cenfessed that the 
hand is an universal instrument. 
Mr. Vermont. Yes, my dear: and ifit — 
were possible to enumerate all the services 
which itis capable of rendering us, they 
would excite inexpressible astonishment. 
"There are miany occasions, for instance, on 
which the hand speaks, sees, and hears: 
so that in case of necessity it-can serve in- 
stead of ‘tongue, eyes, andears. 
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Eliza. How so? ee can pr = 
ceive that. . pein - 
Mr. Vermont. What! if you were to 
lah the faculty of speech—— ‘he 
. ‘Eliza. Ah! I ‘guess’ what’ ‘you mean. 
‘Thedumb speak ‘by means of ‘signs, and 
it is with the hands that those signs are 
made. Tam now convinced that there are 
-cases in which the hands can speak. 
Mr. Fermont. The fingers are so flexi- 
ble, that all the letters of the ei ii may 
‘tbe represented with them. — 
Richard. Yes, 1 know they ¢an. 1 
have teen little children conversing toge- 
‘ther ‘inthis’ ‘manner with the eri ain 
vency. de J 
Mr. Vermont. It is not the att only 
‘that employ the language of the hand to 
convey their sentiments to each other. 
‘There ‘are persons who speak perfectly. 
‘well, and yet disdain net sometimes to em- 
ploy it. ak FEL, he eT hy a 
Blea. " Painitist that one day eitieh 
, ou bad eotmpany to dinner, I-was pressed 


4, 
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very much to sing a song. I refused at 
first partly from self-will, and partly from 
timidity; but one of your looks (for it ap- 
pears that the eyes can speak too) en- 
couraged me to such a degree that I ven- 
tured to comply. When I had done, all 
the company paid me high compliments; 
but as you have taught me that compli- 
ments are not always perfectly sincere, I 
made little account of them, when all at 
once I found you by my side. You took 
my hand and pressed it in yours without 
speaking a single word. I must however 
confess, that my heart instantly under- 
stood this kind of approbation, and that ~ 
this compliment was infinitely more agree 
able to me than all the others. — 
Alfred. On what occasions, papa, may 
the hands serve instead of eyes? tag Be 
Mr. Vermont. Whenever we are in the 
dark, my dear, we have our eyes at our 
finger’s ends. This you must well know 
from experience. & 


Alfred. Indeed I do. When we. go into 
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dark k room, we stand in absolute need of 
the assistance of our hands, that we may 
not break our heads. po say 

Eliza. You must, however, admit, pa- 
pa, that these eyes are not. so serviceable 
vas the others. | | | 

Mr. Vermont. That I seals ailciods 
- dedge. 

Eliza. mepele,b born hae are greatly to 
be. pitied. 3 

Mr. Soonage. Keisraiaby: their situa- 
‘tion is melancholy, but in their misfortune 
they are happy in being able to discover 
what surrounds them by means of their 
hands. The hands of the blind are-in- 
finitely more expert than ours. Means 
have been found to instruct them as well 
asif they posses¢ed the faculty of sight. 
There are now people born blind who. redd 
| oor well, write, print, learn=geo- 

graphy, and other sciences. sa 
. Alfred. But papa, is it possible fer 
Y e ople born blind, to‘learn to read? That 
appears so wonderful that 1 can Paneer 
believe it. 
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Mr. Vermont. Yet nothing can be 
more true. By means of letters, charac- 
ters and maps in relievo the blind learn by 
the touch to study their configuration and 
to distinguish between them; and in time 
habit enables them to read as quickly with 
their fingers, as you can with your eyes. 

Eliza. What do you mean, papa, by — 
letters in relievo? 

Mr. Vermont. Here, Eliza, isa sealed 
letter which I forgot this morning to send 
to the post. Do you see the impression 
made by my seal upon the wax?” 

Eliza. Yes, papa. | 

Mr. Vermont. Well, that V is a letter 
in relievo: and by touching it you would 
know what.it was without looking at it. 

Eliza. I should indeed. I now conceive — 
in what manner the blind are instructed. 

_ Mr. Vermont. Let us here, my dears, 
conclude a conversation, which might be 
continued to a much greater length, 
Night approaches and the dew roe to 


fall; it 1s time to return home, th 
* 


oe 


or RESPIRATION, THE CIRCULATION - OF THE 
‘BLOOD, THE MUSCLES, AND reg a NERVES. 


rae Mahetne: s childadh were highly 
eit with the conversation on the hand. 
‘The next day they earnestly begged for a 
new walk: and no sooner had they receiv- 
ed the signal. for their, departure than they 
joyfully quitted the house, ran together 
~to the meadow and then returned to meet 
their father. .<‘ Oh dear!’”’ cried Eliza, 
7 can’t run any more, 1 am quite out of 
Jeegihtlbighard and Alfred—’’. 

Mr. Fermont. Why did you: 8% ath 
them? 

Eliza. I couldn't helps athe, took 
Pegi me—one on either side—and drag- 
ged me along with them—so. that now I 
can scarcely breathe. 

. Richard. As you are so well scanniotdl 

12 


& 
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with the human body, papa, give us some 
account of breathing. . 

Mr. Vermont. Breathing, or Fespira- 
tion, according to the complete significa- 
tion of the term, consists of two contrary 
actions, one called ‘inspiration, by which 
we draw in the external air, and eapira- 
tion, by which we again expel it. Such 
is the life of man, from the moment of his 
birth till his death. Life‘commences with 
inspiration, 1t concludes with CRON 
and ‘is. kept up by both. 

Richard. The ai¢ then i is Bertin ee ne- 
céssary for life. 

Mr. Vermont. Ceitaitay, Without air 
we could not breathe, and without breath- 
ing it would be impossible ‘to live. It is 
necessary besides, that the air should be 
‘sufficiently pure; neither -teo thick nor-too — 
light. The author of life, when he con- 
‘structed the human body, must conse- 
‘quently have calculated the quality of ‘the 
‘air which we were to breathe; and when 
he created the air, he must alse have 
thought-of the beings that were to‘exist in 
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that element—a convincing proof that the 
universe is not the work of chance! ; 
Richard. Just in the same way as the 
eye was adapted to the light and the light ~ 
to the eye. | et | ) 
Mr. Vermont. Yes, my dear; and we 
find the same wisdom displayed in the con- 
struction of ‘the organs of respiration. It 
is necessary that the external air should 
enter our lungs; for this purpose a pipe 
has been hollowed out for it, resembling 
the body of a pump, which, at its en- 
trance into the lungs, is divided into. an 
inGiulté muliitude of little channels, called 
bronchie, “in order to convey it to the 
Tungs. It is necessary that neither this 
canal, nor any of its divisions should ever 
be entirely choked up; which would alone. 
be sufficient to extinguish life. They are 
therefore formed of a substance so solid, 
that these tubes are kept continually open 
by their own consistence. But how can 
the external air enter a pipe which is al- 
ready full of it? To this question I an- 
éwer, that, the external air being denser, 
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or thicker than the internal, which is 
warmer, it must, by the laws of nature, 
find less resistance in that quarter, and con- 
sequently force a passage. But where 
will it go to? "Phe lungs and the heart 
already occupy the whole cavity of the 
chest. True; but nature has formed the 
lungs of a soft and spongy substance, to. 
admit the air, which swells them up as 
water does a sponge*, In inspiration+,’ 
the ribs by which the lungs are inclosed 
rise a little to leave them room to ex-— 


* From the extreme minuteness of the vesicles or 
air-vessels of the lungs, it has been computed that the 
external surface of the latter is not less extensive than 
the floor of a moderate sized sitting room. 

+ One inspiration is commonly performed for every 
four or five pulsations of the heart; and the latter in 
different healthy persons, vary from 60 to 90 times in a. 
minute. From some experiments made by Dr. Good- 
‘wyn, he concludes that the Jungs contain 109 cubic 
inches of air, after a complete expiration, and that this 
quantity receives an addition of-14 cubic inches by in- 
spiration. The dilatation of the lungs, therefore, after 
expiration, isto their dilatation after inspiration as 109 
to 120, 4 v3 


OF RESPIRATION, 175 


gand*,.° In expiration, the lungs pressed 
by the sides, which then contract, expel 


* « The reciprocal enlargement and contraction of 
the chest to allow for the play of the lungs, depends 
upon a simple yet beautiful mechanical contrivance, re- 
ferable to the structure of the bones which inclose ite 
The ribs dre articulated to the back-bone, or rather to 
its side projections, obliquely: that is, in their natural 
position they bend or slope from the place of articula- 
tion downwards. But the basis upon which they rest 
at this end being fixed, the consequence of the ob+ 
liquity or the inclination downwards is, that, wheu 
they come to move, whatever pulls the ribs upwards, 
necessarily at the same time draws them out; and that 
while the ribs are brought to a right angle with the 
spine behind, gthe sternnm or part of the chest to which. 
they are attacked in front, is thrust forward. The 
simple action therefore, of the elevating uiuscles does: 
the business; whereas if the ribs had been articulated. 
with the bodies of the vertebrze at right angles, the ca- 
vity of the thorax could never have been further en- 
larged by a-chan.ge %f their position. Ef each rib had 
been a rigid bone, articulated at both ends to fixed 
bases, the whole chest had been immoveable. Keil has. 
observed that the breast-bone, in an easy inspiration is 
thrust out one-tenth of an inch; and he calculates that 
this, added to what is gained to the space within the 
ehest, by the flattening or descent of the diaphragm, 


~ 


176 OF RESPIRATION, 


the air from their cells, after it has there 
performed its first function, namely, to 
keep them constantly cool—a wuecessary 
precaution to prevent the vicinity of the 
heart, which is a kind of furnace, from 
heating them, er even preiaay danger- 

ous inflacimations: 

Richard. Has the air any other func- 
tions to perform in the human body? . 

Mr. Vermont. Undoubtedly; but it~ 
would Jead us from our present subject 


leaves oom for forty-two culic inches of air to enter at 
every drawing in of the breath. When there is a ne- 
cessity for a deeper and more laborious juspiration, the 
enlargement of the capacity of the chest lay be so in- 
creased by effort, as that the lungs may be distended 
with seventy or a hundred. such cubic inches. The 
thorax, seys Schelhammer, ee a kind of bellows, 
such as never have been and probably never will be 


guade by any artificer.” (Paley’s Natural Theology ). 


It may be observed that there is a considerable dif 


ference between the calculations in this and the pre- 


ceding note, respecting the quantity of air inhaled at one 
inspiration, This is one of those points im the economy 
of animal life which will perhaps never be correcily — 


ascertained. ‘oe ty 


we 
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were we to enter into a consideration of 


them. There are naturalists who think 
that smal! air-bubbles, by mixing and cir- 
eulating with the blood, serve to render 


it more fluid and: to accelerate its mo- 


tion*. | 


Richard. You heii — yet said any 


thing: about the bleod, papa. How is it 
formed ? Where nee it come from ? 


Where i is its source? 


Mr. Vermont. In di ion ' ?Tis there 
that the blood is prepared; thence it issues,. 
and thither it is* continually returning, 
wit it has circulated bess incredible ra- 


* On ‘ie _ Re ‘the airvessels of the “sen 


are distributed the minute and very numerous ramifica- 
tions of the pulmonary artery; and through the mem- 
branes, the air, without coming into. direct contact 


with the blood, produces certain changes on it, which. a: 
are found to: be absolutely necessary for the continu- : 


ance of life. One of thie most obvious is the ‘change of 


 eolor; in the lungs it acquires a florid hue, which: is” 
gradually lost while the -blood passes through the other 
parts of the body. To effect these changes and to pro-_ 


duce animal heat, are, as far as we know, the chief 
uses of, respiration. 


6 
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pidity through every - of the human 
body. 

_ Richard. I have heard of arteries and. 

veins. Do those two words signify the 

same thing? 

Mr. Vermont. The arteries convey the 
bloed to’ every part of the body, and 
the veins carry it back to the heart,# 
whence it again issues in order to return 
thither by a continual circulation. Imagine - 
the heart to be a spring of blood, whence 
issue four large rivers conducted through! 
ihe same number of pipes. ‘These four 
rivers, all of which rise at the lower ex-: 
tremity of the heart, are the tw great ar- 
teries, and the two great veins, both of 
which branch off into an infinite multitude 
of smaller streams; that no part of the 
body may be left without. nourishment. 
The artery and the vein distinguished by: 
the epithet pulmonary go no farther than: 
the breast; they throw out their branches 
into the lungs alone: but the aorta or 
great artery, and the vena cava, send off 
their branches to all parts of the body, as 
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well the most distant as the nearest to ‘the 
heart. (See pl. 4 and 5). les 
7 _ Richard. 'Then the branches of the ar~ 
teries and: veins must be extremely numer- 
Misi H8t sine. Makan dea 
Mr. Vermont. Yes, my dear, inumer~ 
able. ‘The aorta and véna cava issue se- 
parately from the heart; the former from 
the cavity called its left ventricle, and the 
"latter from, the right ventricle.. Who 
would. suppose from. their taking such. dif- 
.ferent directions,. that they are designed to 
meet again? Svarcely,. however, have 
they quitted: the heart, when they divide | 
into severalybranches » which are again. sub-- 
divided into. others that shoot out in every 
imaginable direction, into: superior or as— 
éending, into collateral, direct, and oblique; 
and into. inferior. or descending; after: 
which. they all at once. approach each 
other, the branches of the arteries running: 
_ along by the side of those. of the veins, two’ 
and. two,: tothe general rendezvous assign-- 
ed them by the Creator. The superiot 
branches go up to the head, where they, 
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line the skull within and without. The 
collateral in like manner line the chest 
’ externally and internally. Hence they 
proceed each with its companion to the 
right and left; some directly towards the 
arms, others in every direction towards the 
spine. Lastly the inferior or descending 
branches wind along the membrane of the 
stomach, the intestines and all the other 
viscera, without forgetting either their 
common case, or the girth of the hips, or 
the two large columns, the tops of which 
are articulated with them to ‘support the 
machine upon its pedestals; so that there 
is no part of the body, great or small, in- 
ternal or at the extremities, neither nerves, 
tendons, muscles, ligaments, nor carti- 
lages, but what contains some vein, fitting 
into an artery to receive from the latter 
the blood which, after an entire circula- 
tion, it is the office of the former to sie 
back to the heart. ore 

- Such is the course of our two great ri- 
vers (the aorta and vena cava), a coursé 
so frequently attended with apparent devi- 
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ations, circuits, turnings, windings, and 
perpetual subdivisions into such a pro- 
digious number of tubes, so delicate that 
their threads escape the naked eye, and can 
scarcely be perceived even with the mi- 
oe ree 

Richard. Papa, I see one of those red 
Shnesihent in the white of your eye. 

. Mr. Vermont. You must thence con- 
clude that these minute blood-vessels are 
indefinitely ramified. These red threads 
run through every part of the body, and 
the blood circulates in them. onto very 
great velocity. 

Richard. Iam astonished at that, for 
the blood is pretty thick; and besides, if 
it ‘were perfectly ligaid, how could it run 
with such great velocity in a labyrinth in- 
tersected by so many channels? 
~~ Mr, Vermont. 'The author of Nature 
has made a provision for this purpose. He 
has given such force io the fibres of the 
heart, that their contraction is sufficient 
to propel. the blood with a velocity truly 
astonishing; and as that part ef the heart 
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which is called the right ventricle has only 
to impel the blood through the: lungs, itis 
observed that the muscles of that portion 
are not by far so strong as those of the 
right ventricle, which has to propel the 
blood to every part of the body*. Ishould 
hke, my dears, to make you sensible, by 
means of comparisons suited to your ca~’ 
pacities,. of the possibility of the existence 
ef such a force in the heart: -but I am 
afraid of profaning so grand. a subject by 
trivial comparisons. | 

Richard, O- no, papa, don’t be afraid .. 
Consider that you are spealyee only to: 
children, 

Mr. Vermont. Well then, if you. have 


* Each ventricle, we are told hy Dr. Keil,. in hia 
Anatomy, will at least contain an ounce of blood. ~The 
heart contracts four thousand: times in one hour, from 


which it follows, that there pass through the heart 


every hour, four thousand ounces or three hundred and 
fifty pounds of blood, Now the whole mass of blood: 
is said to be about twenty-five pounds, so that a quan-~ 
tity equal to the whole mass of blood passes through. 
the heart fourteen times in one hour, which is about 
ence every four minutes, : ' 
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any doubt that the contraction of the heart 
possesses force sufficient to produce the 
circulation of he blood, take a cherry- 
stone. phate tl 

Richard. wt earn a 
Mr. Vermont. Yess my dear! press it 
between your thumb ahd fore- -finger, and 
observe the writs with which it will be 
projected. , 

Richard. ‘0 yes, I hare often. tried that 
_ experiment. i stone flies like light- 

bing. ) ; 

Mr. Vermont. Or take a handful of 
moist clay, squeeze it all of a sudden as 
_the heart compresses the blood, and what 
will be the consequence ? 

Richard. ‘The clay will quickly escape 
through the apertures between the fingers. 

Mr. Vermont. As there are five fingers, 
the clay will issue through four apertures, 
but if there were only one, the velocity 
with which it would be expelled would be 
increased a hundredfold. You need say 
apply tiie to the yelocity of the blood is: 
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suing from the heart, and you will see that 
its force must be very considerable. 
Richard. Then the heart, the arteries 
_and the veins are continually at work”. 
_ Mr. Vermont. Yes, my dear, and that 
in whatever situation a person may be ; 
whether standing fright, sitting, lying, 
bending, or even standing on his head, a 
posture which appears so contrary to the 
circulation of the blood. ts 
Richard. The more we refleet on alk 
this, papa, the more we must admire it. 
Mr. Vermont. Indeed, my dear, the 


* “ An anatomist who understood the structure of 
the heart, might say before-hand that it would play; 
but he would expect I think from the complexity of its 
mechanism, and the delicacy of many of its parts, that 
it should always be liable to derangement, or that it 
would soon work itself out. Yet shall this wonderful 
snachine go, night and-day, for eighty years together, 
at the rate of a hundred thousand strokes every twenty- 
four hours, having at every. stroke a great resistance, to 
overcome ; and shall continue this action for this length 
of time without disorder or weariness.” (¢ Paley’s Na- 
tural Theology ). thy ae 
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/ changes which the blood undergees in its 
course, demand the highest admiration. 
The blood in the human body assumes a 
thousand different forms. ’Tis impossible 
to conceive how it can comprehend. in its 
substance a sufficient number of different 

‘juices to nourish at one and the same time 
the flesh which is so soft, the nerves which 
are so solid, the cartilages which are so 

firm, the muscles and the tendons which 
are’ so strong, and the bones whi¢h are so 
hard, } | 
' Alfred. Pana, what is meant by muscles 
and tendons ? oe 
Mr. Vermont. The muscles are the — 
fleshy parts, by means of which the motions 
of the body are performed. ’Tis these 
that constitute the flesh of animals. ‘The 
tendons are prolongations of the muscles 
peers 4 white and very close vinta or 
threads*, | 


ae eat has reckoried up in the hamanbody four hun- 
dred and forty-six muscles dissectible and describable, 
and. has assigned an use to every one of the number. 
Dr, Nieuwentyt, ia the Leipsic Transactions, reckons up 
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Richard. And the “nerves, where. are 
they situated > What form have et and 
what is their use ? 


a hundred museles that are employed every time we 
breathe, without our consciousness of what a work is 
thereby performed. How many things must go right 
for us to be an hour at ease; and how grievous an in- 
conveniency may arise from the defect or disorder of 
a very small instrument, for instance, of a single pair ot 
of the four hundred and forty-six muscles! “ With 
much compassion,” says the author last mentioned, “ as: 
well as astonishment at the goodness of our loving: 
Creator, have I considered the sad state of a certain gen- 
tleman, who, as to the rest, was in pretty good health, 

but only wanted the use of those two little muscles that 


serve to lift up the eyelids, and: so had almost lost the 


use of his sight, being forced as long as this defect lasted, 
to shove up his eyelids every moment with his hands!” 

The action and utility of the muscles shall be ilus- 
trated by an extract from Paley’s Natural Theology. 

* A muscle acts only by contraction. A finger is not 
bent or-straightened without the contraction of twa 
muscles taking place. Ii is evident, therefore, that the 
animal functions require that particular disposition of 


the muscles which we describe by the name of antago- 


nist muscles; and they are accordingly so disposed, 
Every muscle is provided with an adversary. They act 
like two sawyers in ‘a pit, by an oppesite pull; aud 
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Mr. Vermont. ‘The nerves, my dear, 
are whitish cords issuing from the brain 


nothing surely can more strongly indicate design and at- 
tention to an end, than their being thus stationed, than 
this collocation. ‘The nature of the muscular fibre being 
what it is, the purposes of the animal could be answered’ 
by no-other. . And not only the capacity for motion, but 
the aspect » and: ‘symmetry of: the body is preserved by the 
muscles being marshalled according to this order. The 
mouth, for example, is held in the middle of the face, 
and its angles kept in a state of exact correspondence by 
two niuscles drawing against and balancing each other. 

- © Of muscular actions, even of those which are well 
understood, some of the most curious are incapable of 


oP nn nV eg = 
popurai eXinavauen; -2t_least without. the id of plates 


and figures. This is in a great measure the case with a 
_ very familiar, but at the same'time, a very complicated. 
‘motion, that of the lower jaw, and with the muscular 
structure by which itis produced. One of the miicles 
concerned may, however, -be described in such a nee 
ner as. to be, I think, sufficiently comprehended for our: 
present purpose. The problem is to pull the lower jaw 
down. The obvious method should seem to be, to place 
@ straight muscle, that is, to fix a string from the chin to 
" the breast, the contraction of which would open the 
mouth, and produce the contraction required at once. 
But it is evident that the form and liberty of the neck. 
forbid a mapeks being laid in sucha position, and that, 


7 


188 OF THE MUSCLES-AND NERVES. 


and spinal marrow, and extending over 
every partof the body. Their thickness is 


consistently with the preservation of this form, the mo- 
tion which we want must be effected by some muscular 
mechanism disposed further backin the jaw. The me- 
chanism adopted is as follows :—A certain muscle called 
the digastric, rises on the side of the face, considerably 
above the insertion of the lower jaw, and comes dewn, 
being converted im its progress inte a round tendon, 
Now, it is manifest that the tendon, whilst it pursues a 
+ direction descending towaxds the jaw, must, by its con- 
traction, pull the jaw up iastead of down. What then 
was to be done? The descending tendon when it is got 
low enough, is passed througa a loop or ring, or pulley, 
in the os hvoides, and then made te eseend, and having 
thus changed its line of direction, is inserted into the 
_ inner part of the chin; by which device, viz. the turn at 
the loop, the action of the muscle (which in all muscles 
is contraction), that before would have pulled the jaw 


up, pow as necessarily draws it down. ‘ The mouth, 


saith Heister, ‘is opened by means of ‘this trochlea ina 
wonderful and elegant manner.’ | 

« The precision and celerity of — motion. may- 
be particularly observed in the execution of manly species. 
of instrymental music, in which the changes_ “prodaced 
by the hand of the musician are exceedingly rapid. Or 
let a person only observe his own hand while he is writ~ 
ing; the number of muscles which are brought to bear 
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inconsiderable,. and like the blood vessels, 
they are subdivided ‘into branches and 
twigs, which terminate in threads; and 
these latter are in ‘general again divided 
into fibres of extreme tenuity. i 

Richard. What are ‘the nerves wenkpis 
ed of: ? 


: upon the pen ; how the joint. and adjusted operation of 


several tendons is concerned in every stroke, yet that 
‘five hundred such strokes are drawn ina minute. Not . 
‘a letter can be turned without more than one, or two, or 
three tendineus contractions, definite ‘both ‘as to the 
‘choice of the tendon, and as to the space through which 
the contraction moves ; yet how currently does the 
“work proceed, and when we look at it, how faithful 
‘have the muscles been to their duty, how true to the 
‘order which-endeavour or habit‘hath inculcated! 

“ Bishop Wilkins hath -observed from Galen, ‘that 
there are at ‘least ten several qualifications ‘to be ‘at- 
tended te in each particular mus¢le ; -viz. ‘its sproper 
figure ; its just) magnitude ; its fulcrum; ‘its point .of 
action, supposing the figure to be-fixed ; ‘its collocation 
with respect to.its two ends, the upper and the'lower; Ae 


- the place, the position of. the whole muscle ; -the -intro- 


duction into it of nerves, arteries, veins. How. are 


‘things including'so many adjustments to be made; or — 


when made, how are they to be put together without 
intelligence’? 


3190 OF THE NERVES. ’ 


_ Mr. Vermont. Of a great number of 
threads, which are so many prolongations 
of the substance of the brain. They are 
extremely small*, yet each of them examin- 
ed with a magnifier or microscope, appears 
composed of others of the same description ; 
and it is probable that the latter are also 
bundles of fibres still more minute. It is 
very difficult to determine in what manner 
the nerves perform their office, because we 
are totally ignorant in regard to the ele- 
mentary fibres of which they are composed. 
All we know is, that they are the real 
organs of motion and feeling. Ifthe nerve 
which runs through a muscle were tightly 
- tied just above the place where it enters 


* To assist the reader in forming some idea of the ex- 
treme minuteness of the nerves, it may be sufficient to 
mention that each fibre in the retina of the eye, or the 
expanded optic nerve, does not exceed im diameter the 
thirty-two thousand four hundredth part of a hair. The 
nerves are uniformly distributed, even to the smallest 
fibre; and yet were all those in the human body con- 
joined, they would not make a cord of the diameter of 


an inch. 
P 
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the iatter, in vain might we try to set the 
- muscle in motion. 

Richard. 1 have not forgotten the im- 
portant part performed by the“nerves in 
the organs of might, Baie smell, taste, 
and feeling. 

Mr. Vermont. If we go back to the 
origin of the word nerve, we shall find that 
it has not been given at random to these 
small white cords, which are the principle 
of motion and feeling in the human body, 
- Nerve comes from the Latin word nervus, 
which is a compound. The first part is 
derived from neo, nere, which signifies 
to spin; and its termination vus, by an 
ellipsis very common in Latin, corresponds 
with vivus, vivens. A nerve therefore pro- 
perly signifies a living thread*. 
Richard. O papa! I shall never forget 
this explanation ; and henceforward I will 
study Latin with the more diligence, that 
I may the better understand my native 
langnage. ) 


-*® The Greek word veveoy has the same signification. 
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Explanation of Plate IV. . 
; 
Distribution of the Arteries. 


The arteries are membranous tubes 
which-convey the blood from the heart 
and pulsate ; while the veins carry it back 
to the heart, and have ne pulsation. This 
circumstance will enable the most unskil- 
ful to distinguish the nature of any blood 
vessel. ‘The large trunks both of the arte- 


ries and veins are near the heart; at a dis- 


tance from it they are divided into nume- 


rous small branches, in a manner very Simi- — 


Jar to that in which the trunk of a tree is 
Jost m its branches and twigs. 

Arteries are commonly said to esheets 
in size as they recede ‘from ‘the heart ; but 
this is not really the case. As long-as an 
artery continues undivided its diameter re- 


mains the same; and when it,does divide, — 
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the area of the vessels formed by this divi- 
sion, is always greater than the area of the 
artery from which they are produced ; so 
that the artery may in fact be said to be 
increased. | This rule holds equally with 


respect to the division of the great trunks 


of arteries, and the subdivisions of their 
‘branches. The trunks also of veins are 
smaller than the sum of the smailer veins 
from which they are formed. 

The branches of arteries are in general 
sent off at much more acute angles than 
those of the veins, by which the passage of. 
the blood through the arteries is the less 
i mppedédoy ses) x, 

‘The arteries have in leat a corres- 
ponding vein placed near them: The 
trunks of the veins, and of. almost all the 
arteries, are deeply.seated, but the smaller 


veins are every where thickly distributed _ 


on’ the surface of the body, immediately 

-, below the skin. By this structure a pas- 

sage is provided for the blood on the sur- 

face of the body, where the internal veins 
K 
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are so compressed. by the aciion of muscles, 
as not easily to transmit their contents, 

In the annexed engraving (pl. IV.) the 
arteries are represented freed from the 
muscular and fibrous parts, and are as 


follow : 


Aorta ascendens. 
Three semilunar valves. 


. Trunk of the corenary artery. 


Aoria descendens. 

Subclavian artery. 

Carotid arteries. 

Vertebral arteries. 

Arteries that go to the lower 
part of the face, tongue, &c. 


. Temporal arteries. 
. ‘Frunks which go.to the foramina. 


narium, &c. 


. Occipital arteries. 
. Arteries which go to the Seuess 


&ec. 


. A-small portion of the basis of 


the skull: 
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, 13.13: Contorsions of the’ carotid arte-— 


e.. 


18.18. 


E. E. 
19219: 


ahs ee 
22. 22. 


28.24. 


25. 25; . 


ries, before: cake -pass the 


brain. 


. The pituitary stand between’ the 


contorted trunks of 


. The carotid arteries: 

. The opthalmie arteries. 

. Contorsions of the vertebrals. 

. The vertebral ‘arteries, where 


they lie on'the medulla oblon- 

— gata. 

Rathiiextious: of the arteries 
within the skull, - 

The arteries of the cerebellum. 

Arteries of the larynx, &c. » 

Arteries: which convey blood to 
the: muscles’ of the neck and 
‘scapula, © 

Mammary arteries. | 

Arteries of the muscles of the os 
humeri, &c: | 

Divisions of the arteries of thie 
arm, : 

A died ch of an artery not found 
in all subjects. — 
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26. 
27. 


28. 
29. 
Sl. 
32. 
33. 
34. 


35. 
36. 


37. 
38. 
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External artery of the cubitus. 

Arteries of the hands and fin- 
gers. 

Division of the aorta. 

Bronchial artery. 

Intercostal arteries. 

Celiac artery. 

Hepatic arteries. 

Arteria cystica, on the gall ~ 
bladder. ‘ 

Lower coronary artery of the 
stomach. 

Pyloric artery. 

Epiploic artery. 

Ramifications of the coronary 
artery which embrace the 
bottom of the stomach. 

The upper coronary artery of © 
the stomach. 

Phrenic arteries. 

Splenic artery. 

Upper mesenteric artery. 

Superior branches of the mesen- 
teric artery, freed from the 
sma]l intestines. 
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. Lower mesenteric artery. 

. Emulgent arteries. 

. Arteriz lumbares. 

. Spermatic arteries. 

. Arteria sacra. | 

. Common iliac arteries. 

. Iliacus externus. —- ‘ 
. Iliacus internus. 

. Umbilical arteries, 

. Epigastric arteries. 

. The crural artery. i 
. Arteries which pass to the mus- 


eles of the thighs and tibie. 


. Part of the crural artery. : 
. The three large trunks of the 


_arteries of the leg. 


; Arteries of the foot. 
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Explanation.of Plate F. 


& 


Distribution of the Veins. 


The veins may be divided into two 


classes, those which retura the blood con- 
veyed by the pulmonary artery, and those 
which return that of the aorta. Besides 
the bleed which the lungs receive in com- 
mon with the other paris of the body, they 
also seceive all ihat is transmitted by the 


pulmonary artery, This, after being dis-_ 


tributed through the substance of the 
lungs, is returned by veins that at length 


unite into four trunks, which are inserted © 


into the posterior auricle of the heart. 
- The bleod whichis sent to the vari 


_ parts of the body by the aorta, 1s ultimate-.- 


ly received and returned by two large 
trunks, the vena ‘cava superior and, imfe~ 
rior, which enter the anterior auricle of the 
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* heart. These trunks, and the branches by 
which they are supplied, are as follow: 
4 Vena’ caya. 

Descending trunk of the cava. 

. Ascending trunk of the cava. 

. Subclavian veins. ' 


aS ae 


ad . ° 


ae) 


. Vena azygos. 
Intercostal veins. 
Mammary veins. 
. Internal jugulars. 
Wyternal jugulars. 
. Right axillary vein, | 
. Cephalic vein, 
. Basile: 
. Phrenic. 
‘Emulgents. 
. Mliac branches. 
k. Internal iliacs. 
1) Vena sacra. 
+ 2, Spermatic veins. © 
/ MR eB. Epigastric. | 


ot ae Lap RS eae Pie ‘i “ 
| ~~ &. Saphena. We 
7 : 4 , ™/% 
. 


E — pale 


Ee ee eee eee 


e 


200 


EIGHTH CONVERSATION. 


OF DIGESTION AND NUTRITION. 

iin. Vermont. Come, my dears, let 

us take a turn in the orchard. ’Tis very 

_ hot to-day, and we will refresh ourselves 
with some of the fruit. 

Richard. With all my heart, papa. I 

> the more fond of fruit, because it 
quenches thirst at the 3 same time that it 
appeases hunger. 

Eliza, As you are so well acquainted 
with the interior of the body, papa, could 
you not tell me what is the cause of hunger 
and thirst? When I feel a violent long- 
ing for drink or food, whence does that 
ionging proceed ? m 

Mr. Verinont, It is easy to perceive the 
utility of those two sensation’, but dif- 
ficult to account for them. In the first 
place— 


J 
u * 
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Alfred. I beg pardon, papa, for inter- 
_rupting you. I hear the shrill sound of a 
bell. 

Eliza. So do I. What is the meaning 
of this ringing? Where does it proceed 
- from ty i. ! 7 
Alfred. lf Yam not mistaken, it must. 
_ be some little bell in the windmill on yon 
hill. 
Eliza. The sound, indeed, comes from 
that quarter ; but a windmill is an out of 
the way place for a bell. Whatdo you 
say to it, papa ?- . 3 

Alfred. The belt keeps on ringing. - 

Eliza. Now it has stopped. You smile, 
papa: but tell us whatit is then. Was 
it not in the widmill that ests were amus- 
ing themselves with ringing? 

Mr. Vermont. 'The bell is adedbians in 
the mill, but it was not rung for amuse- - 
ment. jc iad 

Alfred. “What rung it then ? . 

Mr. Vermont. The wind. 

Eliza. You are “making game of pi | 

Kd. : 
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papa ; the wind could not make it go at 
such a rate. . 

Mr. Vermont. You must know, how- 
-ever, that it is the wind which turns the 
sails of the mill. 

Eliza. Certainly. 

Mr. Vermont. These sails set in motion 
different wheels, the mechanism of which 
you are acquainted with, for you know in 
what manner wheat is converted into flour. 

Eliza, You took the trouble to explaiu 
it to us, one day, papa. 

Mr. Vermont. When there is no more 
wheat to be ground, a small spring worked 
by the sails of the mill, causes the bell 
which you heard tormg, Thus the mill 
itself gives the miller notice when he is 
wanted. As it is his interest not to suffer 
the mill to be idle, he immediately attends 
to this signal, and supplies the hopper with 
a fresh quantity of corn. The mill then 
begins to grind again, and as long as: this 
supply lasts, the bell remains silent. 

Eliza. You have made me fully sensible 
of the utility of this contrivance. 
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Mr. Vermont. Well, my dear, we have 
nearly the same kind of bell in our stomachs. 
Eliza. A bellin our stomachs! 

Mr. Vermont. Yes, something very like 

it: I mean the sense of hunger, which you 

just now enquired the cause of. We 


ought to be extremely thankful to the 


Author of Nature for having been pleased 
toadd tothe structure of the stomach a 
sensation which apprizes us of the neces- 
MN of a fresh supply of food. 

“ Alfred. Oh! I understand you. Sat 
ger performs the same office in our stomachs 


as the bell in the mill; it gives notice 
when thereis nothing more to grind. 


‘Mr. Vermont. Yes, the two cases are 
ery nearly alike. nee 
| Eliza. You Have already dplashed to 


u the mechanism of windmills, papa ; can 


" ya now describe the mechanism of the 


stmach ? 

© Vir. Vermont. That, my dear, is not so 
eas a task. Weare no strangers to the 
trak pursued by the aliments which we 


. swalow : we know that they pass from the 
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pharynx into the esophagus or gullet, by 
which they are propelled into the stomach. 
We know that when they have once reach- 
ed the latter, they remain there long 
enough to undergo a remarkable metamor- 
phosis ; but the manner in which it takes 
place has hitherto escaped the researches 
of philosophers*. We are ignorant, and, 


* Animal] digestion must be considered a power and 
process completely su? generis, distinct from every other ; 
at least from. every chemical process that we are ac- 
quainted with. The varied experiments of the ingeni- 
ous Spallanzani prove that it is not putrefaction; for the 
digesting fluid resists putrefaction most pertinaciously; 
hay, not only checks its further progress, but sestoved 
putrid substances, Neither is it a fermentative proeess) 
for the solution begins'‘at the surface, and proceeds t¢ 
wards the centre, contrary to the order in which ferme 
‘ation acts. Nor is it the digestion of heat; for 
-o:d snaw of a cod or sturgeon will dissolve the. s s 
of crabs vr fobsters, harder than the sides of the sto eh 


rae k 
which contams them. 


itis, however, generally admitted, that the pringé 
wigtrument of @igestion. is the gastric juice; a 


! 


which dist! 


peceivedeinio that organ. The properties of this.uice 
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according to all appearance, shall ever re- 
main so, of the preparation which the food 


are so remarkable, that we shall subjoin the fiitewiie 
remarks on it by Paley : 
“The gastric juice is of alt menstr ua the most es 
the most universal. In the human stomach, consider 
what a variety of strange substances, and how widely 
different from one another, it reduces, in a few hours, to 
one uniform pulp,-milk or mucilage.. It seizes upon. 
every thing, it dissolves the texture of almost, every 
| thing that comes in its way. ‘The flesh of perhaps all 
animals, the seeds and fruits of the greatest’ number of 
plants, the roots, and stalks, and leaves of many, hard 
and tough as they are, yield to its powerful operation. 
The change wrought by it is different from any chemical 
solution which we can produce, or with which we are 
} acquainted, because in this respect, as well as many. 
others in our chemistry, particular menstrua act only on 
particular substances. Consider, moreover, that this 
fluid, stronger in its operation than a caustic alkali or 
mineral acid, than red precipitate or aqua fortis itself, is 
nevertheless as mild, and bland, and inoffensive to the 
touch or taste as saliva or gum-water, which it much re- 
sembles. Consider, I say, these several properties of the 
_ digestive organ, and of the juice with which it is supplied, 
or rather with which it is made to supply itself, and you 
will confess it to be entitled to a name which it has 
sometimes received, that of “ the chemical wonder of 
animal nagure.’”. 
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receives in the stomach, in order to fori 
the blood which circulates in and nourishes 
the body. This metamorphosis is a secret 
which the Author of Nature seems to have 
kept to himself, with a view to humble our 
pride, and to make us sensible of our de- 
pendence: perhaps he may likewise have 
had another motive for throwing an impe- 
netrable veil over that operation. 

Alfred. I should like io know what that 
could be, papa. 

Mr. Vermont. 'That of relieving us 
from a very great anxiety. 

Eliza. How so? 

Mr. Vermont. Our ignorance on that 
head is not so much an imperfection, as an 
honourable discharge and a beneficial re- 
lease. -Man is thus dispensed from the 
humiliating and perplexing cares both of 
_ digestion, and of the numberless details of 
the various internal operations, which, had 
he been obliged to attend to the ordering 
and directing of them, would have furnish- 
ed him with more than abundant employ- 
ment. But what could have been the use 
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of this exemption, unless to enable him to 


= 


be comintlally engaged in external action, 
and to give himself up entirely to the exer- 


 eise of his talents? 


Alfred. Then we have as much ‘reason 


to praise the wisdom of the Author of Na- 
ture, for what he has concealed as for what 
he has disclosed to us. For my part, I am 
very glad that he has kept us ignorant of 


what is going forward in our bodies. I 
should think that if our flesh were transpa- 
rent like glass, and our eyes could observe 
the formation and circulation‘of the blood, 
the action of the muscles and of the nerves, 
in a word the movements of the whole ma- 
chine, we should be in perpetual apprehen- 
sion of putting it out of order *. 

Mr. Vermont. And our apprehensions 


\ aa j 
* « Durst we make a single movement,” asks a French 


“writer, “or stir a step from the place we were in, if we 


saw our blood circulating, the tendons pulling, the lungs 
blowing, the humors filtrating, and all the incompre- 
hensible assemblage of fibres, tubes, pumps, valves, cur- 
rents, pivots, which sustain an existence at once so frail 
and presumptuous ?” 
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on that head would not be unfounded.— 
Man is naturally yain and self-sufficient ; 
if he were acquainted with the nature and 
process of digestion, he would often pre- 
sume to direct it and derange the whole. 

Eliza. How often too would our eyes be 
shocked, if, according to Alfred’s expres- 
sion, our bodies were transparent ! 

Alfred. Eliza is right, papa. I have 
sometimes seen animals opened; and it is 
impossible to look without disgust at all 
that is extracted from their bodies. 

Mr. Vermont, This disgust is natural : 
anatomists, however, conquer it, and to 
their researches we are indebted for most 
important discoveries. 4 

Richard. You made use of a word just 
now, papa, which I should be glad to. have 
an explanation of. 7 

Mr. Vermont. What word was that ? 

Richard. You said that before the food 
reaches the stomach; it passes through the 
esophagus or gullet.. ian 

Mr. Vermont. Yes, my dear, and toa 
give you a perfect idea of the pipe which 
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is thus denominated, it would be necessary 
- to shew you some anatomical plates. 
Eliza. But since we have none here, tell 
us something about it.. | | 
_ Mr. Vermont. Then listen to me atten- 
tively. At the root of the tongue begin 
two pipes placed one against the other, the 
cesophagus and the windpipe. ‘The former 
receives drink and food, which it conveys 
to the stomach ; the other, which is the 
Imnermost, carries the air to the lungs, and 
conducts back that wine les is expelled from 
them: 

Richard. Yunderstand that. We breathe 
through the windpipe, and swallow with 
the cesophagus. 

Mr. Vermont. Perfectly. right. . Now, 
whenever | any other substance than air 
enters the windpipe, either from without, 
or internally by disengaging itself from the 
lungs, it produces violent motions in all 
the rings of the cartilage of which it is” 
composed. It strives to get rid of this ob- 
noxious substance by a convulsion which 
is called coughing. Wee betide us, if our 
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food were to mistake the way, and insi- 
nuate itself into the windpipe, instead ‘of 
passing through the oesophagus ! 

Richard. But, papa, as these two pipes 
are so close together, I should think such 
an accident might sometimes’ happen. 

Mr. Vermont. Nature has provided 


against it, and as if in despite of the dif- — 


ficulty, 14 is above the very orifice of the 
windpipe that she has prepared the way 
which all our food must take; in order to 
pass through the esophagus into the sto- 
mach, 

Richard, What! does all that we swal- 
low pass over the mouth of the windpipe, 
and yet nothing fall into it? 

Mr. Vermont. This would at first view 
appear impossible, but by a contrivance 


worthy of an ali-wise mechanic, there is at. 


‘the top of the windpipe a small valve which 
opéns and shuts, to allow a passage to the 
air, either when it enters by inspiration, or 
is expelled by expiration, but which closes 


-in the most accurate manner the mouth of 


the pipe whenever the smallest portion of 
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solid or liquid descends to the esophagus. 
The great beauty of this precaution con- 
sists in this, that the most diminutive 


portion of food presses in its descent 
ever the nerves of the root of the tongue, 
_ the action of which is always followed by 
_the closing of the valve upon the windpipe, 
before the victuals‘or drmk reach so far*. 
. Richard. What appears wonderful to 
me is, that this valve is not worn by the 


aknost continual friction of the food, 
«Mr, Vermont. The works of Nuture, 
; | | 


ce “We may remark,” says Paley, ‘“ the almost com-~ 


“plete success ‘of this expedient, viz. how seldom it fails of 


its purpose, compared with the number of justances in 


which it fulfils it. Reflect how frequently we swallow, 


how constantly we breztlie! In a city feast, for exam- 
“ple, what deglutition, what anhelation ' Yet does this 


little cartilage, the epiglottis, so effectually interpose its 
“office, § so securely gnard the entrance of the windpipe, 
‘that, whilst morsel after morsel, draught after draught, 
are coursing one another over it, an accident‘of a crumb 


“or a drop slipping into this passage (which nevertheless 
" maust be opened for the breath every second of time) ex- 
cites in the whole company not only alarm by its dan- 
ger, but surprise by its novelty. Not two guests are 


choked ina century.” 
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my dear, are more durable, and a thousand 
times more admirable, than the productions 
ofmen. The prodigies of the human body 
are aS numerous as its organs, that is to 
say, innumerable. Anatomy observes them 
as Closely as it can, assigns names to them, 
is acquainted with the action of the most 
exposed, disputes respecting the use of the 
others, and acknowledges that the structure 
of them all, when we attempt to explore it, 
is an abyss which neither sight nor reason 
is capable of fathoming. | 

Richard. 1 should think, papa, that ; in 
time the food would injure the pipe which 
conveys it to the stomach, for it a PRES 
extremely narrow. 

Mr. Vermont. Nature has likewise pro- 
vided against that accident, which would 
have been a serious one; and the precau- 
tions which she has thought fit to take on 
this point were the more necessary, as the 
esophagus is not destined merely to afford 
a free passage to food, but itself accom- | 
plishes their introduction into the stomach 
by the motion of its muscles. 
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Richard. I don’t perfectly comprehend 
‘that. | 
Eliza. Nor I. | 
Mr. Vermont. It will not. be difficult 
_ for-me to make‘you understand it. Let us 
sit down here on the grass. ; 
Alfred. Stop, . sister; let us change 
places: you will sit better here ; the grass 
is thicker and softer. 
Eliza. No, I am very comfortable ; let 
us listen to papa. 
Mr. Vermont. When you swallow any 
) thing, my dears,do you suppose that it drops 
-down into your stomach by the force of 
gravitation, like a stone which you throw 
into a well? When you drink a glass of 
water, do you imagine that your stomach 
receives it as a bottle receives the liquor 
which is poured into it through a funnel ? 
Alfred. Yes, papa. Our food descends 
_ when we eat, because it finds a: hollow 
underneath it. | . 
- .Mr. Vermont. Do me the fitdr to he 
down upon your back, and eat this pear. 
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Alfred. O dear, papa! what! before 
you? | 

Mr. Vermont. Do as I bid you. 

Alfred. But why? 

Eliza. Lie down and eat your pear: 
then we shall see. 

Alfred (Lies down). Is that right? I 


see all the sky. 
Mr. Vermont. Is the pear good? 


Alfred. Excellent. 3 1 anal 

Mr. Vermont. .Does it find its way 
without difficulty into your stomach ? 

Alfred. QO yes. 

Mr. Vermont: You see then that feed. 
does not descend. into it by the mere effect 
of. gravitation, Were this the case, you 


could only eat standing, andeven then your 


victuals would very often be obstructed in — 
the passage, which is narrow, as. you just. 
now remarked. Do you comprehend. that? 
Alfred. Yes, papa; Iam now: aware 
that, in order to reach the stomach, our 
food must, be impelled into it, but I-cannot 
cenceiye by what. | | 


7 
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Mr. Fermont. It is by the contraction 

of the muscular fibres of. the cesophagus: 
This pipe:is composed of different muscles 

forming a series of circles or rings. As 
soon. as. any thing is. introduced into it, 
_ these. rings contract one after another at: 
the upper. part of the food, and by their 
alternate pressure oblige it-to descend. 

Eliza. I had, no idea that so many 
springs were set in motion whenever I 
swallow a mouthful of victuals. 

Mr. Vermont. There are a great many 
more, which I must pass over in silence, 
lest I) should: frighten you with terms: 
which you would not understand. I shall 
therefore merely add’ one remark relative 
to the pipe which impels the aliments into 
the. stomach. It appears that a final pre-. 
caution was yet wanting to give. still. 
greater facility to their passage; this was 
that the canal should: be continually wet; 
for as the food:is often dry, it would have. 
descended more slowly and with. greater 
difficulty. To produce this. effect, the. 
esophagus is furnished with a membrane - 
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fall of blood-vessels, that is to say, 
arteries and veins, and beneath this there 
is a second called the glandular tunic, be- 
cause it contains a great number of small 
glands, where is secreted from the arteries 
a liquor which lubricates the nervous 
membrane, as it 1s called, situated above. 
the preceding, in order to adapt it to the 
purposes which. I have just deseribed. 
When these glands yield teo small a quan- 
tity of this liquid, and the esophagus is 
too dry, it is this that according to all ap- 
pearance produces what we term thirst; 
-whicn is a warning given us by nature to 
moisten those paris. ; 

Eliza. Oh! I know now why we drink 
most during meals. The esophagus be- 
ing then at work, it is necessary to. wee 
that passage moist. | 

Richard. You told us just now, papa, 
that nobody is acquainted with the pre- 
parations which the focd receives in the 
stomach in order to its being rendered fit 
to form the blood which circulates in and 
nourishes the body. ~ Do you mean ‘to 
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say that you don’t know what becomes of 
‘the victuals when they are once impelled 
by the esophagus into the stomach ? : 

Mr. - Vermont. No, my dear, their 
_ course is known; and we can even form 
conjectures respecting the process which 
they undergo in the stomach—for this 
they certainly undergo. ; 

- Richard. And what becomes of the food 
after it has entered the stomach? 

Mr. Vermont. After the food, cut and 
ground by the teeth, mixed with the spit- 
tle, and moistened by the dissolving liquid, 
which distils from the glands of the cso- 
phogns, has been again soaked in the sto- 

mach and reduced to the consistence of a 
pulp, it passes into the region of the in- 
_ testines by a canal shaped like the worm of 

~ a still, and called the pylorus. The first 
of the intestines, which receives this pulp, 
is the duodenum, thus denominated, as 
§ anatomists tell us, because it is commonly 
about.twelve inches in length. Be tliis as 
it may, there are in the membrane. in 
which uf is wrapped two ‘small apertures 
é. 
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for the admission of two other dissolving 
liquors. The liver, in the first place, 
pours forth its bile, to produce a new. 
mixture; and the great gland, called 


the pancreas, sends thither at the same | 


» time a milder juice to temper the sharp- 
ness of the bile. ‘The result of this isa 
second pulp, softer than the first, ands 


even nearly eoras Do you understand 


me? | : | 
Richard. Yes, papa: and what then? 
Mr. Vermont. The food continues to 

be converted. into chyle; and to accelerate 

this metamorphosis, the author of Nature 


has placed two distinet sorts of small ves- 
sels; the one, called lacteals, to’ extract. 
from the intestines, by the filtres of their 


membranes, a liquor resembling milk; 


to extract, by a simular process, a clear 
and colorless liquid like water. These 
fluids are discharged by their respective 
vessels into one common reservoir, where 
by their intermixture, they complete the 
formation of the chyle; that is to: say, 


i 


and the other, denominated lymphaties, © 


habe ee 


enti al? 
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they give it the form of clarified milk: but 
it is still too thick or too imperfect to be 
immediately caeghe for the ‘posits of 
nutrition, 

Richard. And tile must : the ‘chyle £0 
to, in order to receive its last prepara- 
tion? 

Mr. Vermont. To the reservoir of the 
blood. Nature has provided a canal to 
convey it directly thither, and has placed 
along it at irregular distances valves 
which open to afford a passage to. the 
chyle and shut to prevent its return. This 
canal; which on account of its situation, 


“is called the thoracic duct, joins the sub- 
- elavian’ vein, to which it conveys its pre- 


cious fluid, to be forwarded to the vena 
cava, which empties itself into the heart. 


- You remember what I told you, one day, 


7 respecting the frequency of the at gab 
of the heart ? * 
' Richard. Yes, papa, the heart beats 
sixty times in«a minute, or almost one 
hundred thousand times a day. 
~ Mr. Vermont. A slower movement would * 
L 2 


*?* 


“# 


at 
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have been instifficient to give the blood the 
preparation necessary to, adapt it to the 
purposes of nutrition ; while, comparatively 
speaking, the flame ef a small lamp would 
be adequate to ‘Dec formation of the chyle, 
a furnace is requisite to convert it into 
blood. Let us see how Nature performs 
this process. 

The chyle, mixed with the blood 3 in the 
vena cava, enters drop by drop into the 
right ventricle of the heart, and in this 
furnace a sudden fermentation, or if you 
please, a kind of ebullition takes place, 
aud swells this new compound to a volume 


too great to be contained im it. It must _ 


therefore be expelled, and by what outlet? 
It cannot return into the vena caya, be- 
cause the latier, after discharging it into 


the heart, closes its valves. At forces the 


doors of the artery of the lungs, which are 
formed to open inwards. ft is upon its 
entrance into this canal that the chyle as- 
sumes the form of arterial blood, which 


~« differs considerably from that of the veins 


both in the redness of its color and its 


: tr: de 
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great fluidity. It soon A a new form, 
which though nearly of the same. kind, 
possesses much more of a living quality. 
The pulmonary vein, which receives. this 
new blood from the artery of the same 
name, immediately conveys it to the. left 
ventricle of the heart. What is the result © 
of its exposure to this new furnace? A’ 
second fermentation, which, after com- 
pletely purifying the blood, restores it in 
a perfect state to the grand artery, in 
order to its distribution over the whole 
body, that it may nourish all the parts of 
which it is composed*. 


* 


_ * © Besides the subserviency of this structure collectively 
considered to a necessary and manifest purpose, we 
may remark,” says Paley, ‘ two or three separate par- 
ticulars in it, which shew not only the contrivance but 
the perfection of ‘it. We may remark first the leneth 
of the intestines, which in the human subject is six times 
that of the body. Simply for-a passage, these volu- 
minous bowels, this prokixity of gut, seems in no wise 
necessary; but in order to allow time and spacé for the 
successive extraction of the chyle, from the digested 
aliment, namely, that the chyle which escapes the 
lacteals of one part of the guts may be taken up by 
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Rihard. But, papa, you said a liitle 


while ago that the process of digestion 
ij 


those of some other part, the length of the canal is of 
evident use and conduciveness. Secondly, we must 
also remark their peristaltic motion; which is made up 
of contractions following one another like waves upon 
the surface of a fluid, and not unlike what we observe 
in the body of an earth-worm crawling along the 
ground ; and which is effected by the joint action of 
longitudinal and of spiral, or rather perhaps of a great 
number of separate semicireular fibres, This curious 
action pushes forward the grosser part of the alimeut, 
at the same time that the more subtile parts, which we 
call chyle, are, by a series of gentle compressions, 

squeezed into the narrow orifices of the lacteal veins. 
Thirdly, it was necessary that these tubes, which we 
denominate lacteals, or their mouths at least, should be 
made as narrow as possible, in order to deny admission 
into the blood to any particle which is of size enough 
to make a leédgment afterwards in the small arteries, 
and thereby to obstruct the circulation: and it was also 
necessary that this extreme tenuity should be compen- 
sated by multitude; for a large quantity of chyle (in 
ordinary censtitutions, not less it has been computed 
than two or three quarts in a day) is by some means or 
other to be passed through them, Accordingly we find 
the number of the lacteals exceeding all powers of com- 
putation, and their pipes so fine and slender, as not to 


¢ 


- the main pipe which carries the chyle from the a 
e 


a ae le 
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cannot he explained; yet what you have 
just now told us— ae 
be visible, unless filled, to the naked eye; and their 


orifices which open into the intestines so small as not to 


be discernible even with the best microscope. Fourthly, — 


to the blood, viz. the thoracic duct, being fixed in an™ 
almost upright position, and wanting that advantage of 
propulsion which the arteries possess, is furnished with 
a succession of valves to check the ascending fluid, 
when once it has-passed them, from falling back. These 
valves look upward, go as to leave the ascent free,-but  ~ 
to prevent the return of the chyle, if, for want of sufii- 
cient force to push it on, ‘its weight should at any time 
cause it to descend. Fifthly, “the chyle enters the 
blood in an odd place, but perhaps the most com- 


_ modious place possible, viz. ata large vein in the neck, 
so situated with respect to the circulation, as speedily 
_ to bring the mixture to the heart. And this seems to be a 


circumstance of great moment; for had the chyle en- 
tered the blood at an artery, or at a distant vein, the 
fluid, composed of the old and the new materials, must 
have performed a considerable part of the circulation, 
before it received that churning in the lungs which is 
probably necessary for the intimate and perfect union 
of the old blood with the recent chyle. Who could 
have dreamt of a communication between the cavity of 
the intestines and the left great vein of the neck ? Whe 


& 


- 


a . 
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Mr. Vermont. Is a description of the 
fact, and not an explanation of the cause. 
We may to be sure affirm that digestion is 
effected by means of the different dissolv- 
ing humors by which the food is moisten- 
ed; but of the nature of those humors, 
and the mechanism of their action we are 


totally ignorant. Put into the hands of 


the most skilful anatomists and physiolo- 
gists, liquids, herbs, pulse, bread, flesh 
of every kind, give them mortars, pestles, 
water, soap, fire, salt, “vitriol, spirit of 
nitre, and as many other solvents and 
agents as they please; add to all these pre- 
parations, sieves, filtres, ina word, evéry 
possible mean of dissolving and filtering; 


still T maintain that they will never be able 


to make a single drop of chyle, and much 
less of blood. They may, it is true, pro- 
duce a resemblance to milk, by mixing the 


, could have suspected that this communication should ~ 


be the medium through which all nourishment is derived 
to the body? or this the place, where, by a side inlet, 
the important junction is formed between the biood 
and the matgrial which feeds it! 
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- flour of almonds with water, and seall it 
mith of almonds; -but between that and 
chyle, a and blood, the difference 
ie very great. 
- We have now, my dears, said enough 
_on-a subject, which, however attraétive 
it may be to the philosophic eye, cannot. 
have the same charms for you as other 
scienees better adapted to your age. It 
is sufficient that I have raised for you, 
a corner of the curtain which conceals 
from the ignorant the wonders of the hu- 
man body. ‘The time will come, when, 3 


if you desire it, you may acquire @ more 
«intimate knowledge of the subject. Every 


| part of the human body is equally worthy 
- of admiration, and if, to use the éxpres- 
sion of Galen, the author of Nature is 
never weary of producing wonders, man, 
on his part, ought never to be uted of 
Hudyane them.. 
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Explanation of Plates VI. and VII. 


—— 


Disposition of the Internal Parts of the Body. 


In order to render this introduction to a 
knowledge of the human body more com- 
plete, and consequently more acceptable 
to the inquisitive reader, a brief descrip- 
tion of its internal parts, and their arrange- 
ment, shall be subjoined. 

The body or trunk iy divided by the 
diaphragm into two great partitions, the 


upper ‘being denominated the thorax or — i 


chest, and the other the abdomen or lower 
belly. The diaphragm or midriff, (12, 
pl. VI.) is a broad strong muscle, which 
forms a kind of vault, attached in front to 
the sternum, on the sides to the ribs, and 
- behind to the lumbar vertebra. The vena 
cava and the csophagus pass through it. 
The diaphragm not onty serves to divide _ 
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the two erent cavities of the body, but from 
its muscular structure, it is one of the 
chief agents in respiration. When its 
fibres contract, its convex side, which is 
turned toward the thorax, becomes gradu- 
ally flat, and by increasing the cavity of 
the breast, affords room for a complete di- 
latation of the iungs by means of the air 
which is drawn into them by inspiration. 
The fibres of the diaphragm then relax, 
and as it resumes its former state, the ca- 
vity of the thorax is diminished and the 
air driven out from the lungs, by a motion 
_ contrary to the former, called expiration. 
Besides this office, the acts of coughing, 
‘sneezing, speaking, laughing, gaping, 
= - sighing, and some others, could.not be 
carried on without its assistance, and the 
gentle pressure which the viscera of the 
abdomen receive from its constant and re- 
; gular motion cannot fail to assist in the 
performance of their several functions. 
The. thorax includes the vital organs, 
which ire the heart and lungs, and hke- 
wise the csophagus and the trachea or 
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wind-pipe. ‘The cavity of the sidinien 18 
eyery where lined by a membrane of a firm 
texture, called pleura. It is composed of 
two distinct portions or bags, which by 


being applied to each other laterally form > 


the mediastinum. ‘The latter divides the 
cavity into two parts, and is attached | be- 
hind to the vertebre of tHe back, and be- 
fore to the sternum. By dividing the 
breast into two cavities the mediastinum 
obviates many inconveniences, to. which 
we should otherwise be liable. It pre- 
vents the two lobes of the lungs from com- 
pressing each other when we lie on either 


side, and consequently contributes to the ~ 


8 


freedom of respiration. If the point of a 


sword penetrates between the ribs into the 


cavity of the thorax, ‘the lings on that 
side cease to perform their office; because 
the .air, being admitied through the 
wound, prevents the» dilatation. of: that 


lobe; while the other, separated from it . 


by the mediastinum, remains unhurt and 
continues to perform iis function as usual. 
The surface of the pleura, like that of all 
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membranes, which hne_ cavities, is cou- 
- stantly bedewed- with a serous moisture, 
whieh prevents adhesions of ihe viscera. 


membranous bag's of the pleura 
which form the mediastinum, recede: from 
one another so as to afford a lodgment to a 
firm membranous sack, called the pericar- 
dium, in which the heart is securely lodg- 
ed. - It incloses also the great vessels 
which arise from the heart, and contains a 
quantity of transparent liquor by whieh its 
motions are facilitated. 

The heart i is placed almost transversely ; 
the broad part being directed toward the 
wight side, and the point. or apex to the 
ed ft, so as to strike the sixth rib when it 
beats. The substance of the heart is mus- 
cular. It includes two cavities or ven- 
iricles, separated from each other by a 
fleshy partition. At the base are also two 
muscular bags, denominated auricles, se- 
_ parated im the same manner as the ventri- 
eles, and like them called the anterior and 
posterior, or right, and lett. Each of them 
communicates with the ventricle placed 
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next to it, (5, 6, 7, pl. VI). Between 
the auricles and ventricles, as also at the 
mouths of the great arteries, are placed 
valves which prevent the blood from pass- 
ing in any other direction. Each auricle 
communicates with a large vein, and each 
ventricle with a large artery; the former 
receiving the blood and discharging it into 
the latter. ‘The ventricle receives the 
blood from the auricle and drives it for- 
cibly into the artery. By a repetition of 
these actions is performed the circulation 
of the blood, which has already been con- 
sidered. | 
The lungs, (10, 11, pl. VI), whose 
use has also been described, fill the two 
sacks of the pleura, and occupy the greater 
part of the cavity of the breast. Their - 
bases are broad and their summits form an 
obtuse cone. ‘T'heir anterior surfaces, and 
those applied to the mediastinum are flat, 
that next the ribs is somewhat convex, and 
that behind round, The lower part of the 
left lung is excavaied to make room for 
the heart. The color of the lungs is in 
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infants reddish, in adults greyish, and in— 

* old age it approaches dark blue or black. 
They are connected above to the neck by 
means of the wind-pipe, and below by 
Dblood-vessels to the heart; being attached 
also to the sternum by the mediastinum 
before, and to the vertebre by the pleura 
behind. The lungs are divided into two 

_ lobes, the right and left; the former con- 

_sisting of three smaller lobes, the latter of 
two. These divisions gradually become 
more and more minute till at length they 
terminate in the cellular spaces, or vesicles, 
which compose the greater part of the sub- 

3 stance of the lungs, and readily communi- 

- cate with each other. 

The esophagus having been tea 
described in ancther place, we proceed to 
the trachea, or wind-pipe, the canal 
through which the air passes into the 
lungs (1, pl. VE). Its upper part, called 
the larynx, is composed of five cartilages, 
‘the uppermost of which is placed over the 
glottis or mouth of the larynx, and deno- 
minated epiglottis. This has already been 
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spoken of as the valve which closes the 
passage to the lungs ia the act of swallow- 
ing. All the cartilages of the larynx are 
united by means of very elastic ligamentous 
fibres, and are enabied, by the assistance 
of their respective muscles, to dilate or 


contract the passage, and to perform that 
variety of motion which secins to peint out 
the larynx as the principal organ of the 
voice; for when theair passes out through 
a wound in the trachea it produces’ no 
sound. From the larynx the canal begins 
to take the name of trachea; descending 
thence as low as the third or fourth ver- 
tebra of the back, rather toward the right 
side of the spine, into the cavity of the — 
thorax, where it diyides into two great 
branches, which being afterwards sub- 
divided, obtain the name of bronchia. 
Each of these bronchial tubes ramifies 
through the substance of that lobe of the 
lungs to which it is distributed by an in- 
finite number of branches. 'The trachea, 
is furnished with muscular fibres, some of 
which pass lengthwise through its whole 
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extent, while others are carried round it 
ina circular direction, so that by the con-- 
‘traction or relaxation of these fibres it is. 
enabled to shorten or lengthen itself, and 
likewise to dilate or contract its diameter. 
‘The cartilaginous rings of the trachea, by 
‘keeping it constantly open, afford a free 
passage to the air which we are obliged to 
be continually respiring. As, however, 
they do not form complete circles, but are 
‘imperfect behind, where the ring is com- 
pleted bya soft but strong glandular and 
muscular membrane; this structure, by 
the contraction and dilatation of which it 
‘is susceptible, enables us to receive and 
expel the air in'a greater or less quantity, 
and with more or less velocity, as may be 
. required in singing or declamation. Cop 
also: seems designed to assist in the descent 
‘of the food, by preventing the impediment 
to its passage down the esophagus, situ- 
ated immediately behind the wind-pipe, 
‘that might be expected if the cartilages of 
h 2 latter were complete circles. | 
The abdomen or lower belly extends 
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from what is usually denominated the pit 
_ of the stomach ie. the lower part of the 
‘trunk. It is distinguished into three di- 
visions or regions: the upper called the 
epigastric, the middle, or umbilical, and the 
third denominated the hypogastric. Each 
of these regions is subdivided into three | 
others, two of which compose the sides, 
and the third the middle part, In the up- 
per region the middle is ¢alled epigastri- 
-um, and its sides hypochondrie. The 
middle part of the next is the umbilical 
region properly so called, and its two 
sides are the iliac regions, The middle 
part of the lower region retains the name 
of hypogastrium, and its sides are deno- 
minated inguina. The back part of the 
abdomen bears the name of lumbar re- 
Sion. = 
Strictly speaking; only those parts are 
said to be within the cavity of the abdo- 
men, which are enveloped in a thin, trans- 
parent membrane cailed the peritoneum, 
These are the omentum or cawl, the am 
mach, the small and great intestines, the +? 
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mesentery, the lacteal vessels, the pan- 
creas, the. spleen, and the liver. The 
organs not included inthis covering, but” 
placed behind it, are, the kidnies, the 
ureters, the receptacle of the chyle, the 


aorta, and the vena cava. The upper 


part only of the bladder is covered by a 
duplicature of this membrane. 
The peritoneum is soft, yet strong, and 


capable of considerable extension. Tis 


Via ae. 
ot 
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uses are, to keep the abdominal viscera in 
their places, and by the smooth and moist 
covering which it atiords them, to prevent 
adhesions of one viscus to another. For 


“this purpose it is admirably adapted, by 
being continually moistened. with a serous 


fluid issuing from very minute pores. 

- The omentum, epiploon or cawl, is a 
membrane produced from the peritoneum, 
doubling upon itself at its lowest part, 


like an apron tucked up. ‘The upper edge 


is tied-to the bottom of the stomach, to the 


‘alpen and to part of the ducdouiie: The 


reflected edge, after forming the doubling, 


comes up behind the front flap, and is tied 


i 
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to the colon and adjoining viscera. "The 


uses of the omentum are not yet satisfac- ’ 


torily determined ; cm Ne containing a large 


quantity of fat, it has been suggested that _ 


the oily matter exuding frem it, is design- 
ed to lubricate the intestines situated 
below. | 

The stomach, (16, pl. VI.) placed im 
the epigastrium, is a membranoug,and 
muscular bag, in form, when distended, 
not unlike a bagpipe, inclining rather 
more toward the left than the right side. 
It has two orifices, one of which to the 
left receives the end of the cesophagus, 
and is called the cardia, and the other to 
the right, denominated the pylorus, opens 


into the intestines. ‘The stemach is com- 
posed of four tunics or coats, so intimately 


connected that it is difficult to distinguish . 


them. ‘The external is membranous, be- 
ing derived from the peritoneum, The 
second is a muscular. tunic composed of 
fleshy fibres, which are most numerc 
about the two orifices. The third is cal 
the nervous coat, and wiihi ie is the 
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villous or velvet-like coat, which com- 
poses the inside of the stomach. This 
lastis constantly moistened by a fluid of 
the nature of the saliva, called the gastric 
juice. What has been said respecting the 
tunics of the stomach may be applied to 
the whole alimentary canal, for both the 
esophagus and the intestines are, like this 


3 viscus, composed of four coats. 


By the intestines is meant the whole of 
the alimentary tube beyond the stomach. 
They are divided into the small and the 
large. The small intestines comprehend 
the duodenum, the jejunum, and the ileum 
(17, pl. VI.); the large are, subdivided 
‘into the coecum, the colon, and the rec- 


tum. (13, pl. VIT). 


Paley, in considering the manne? in’ 
which the principal viscera are sustained 
in their places, makes the following ob- 
servations illustrative of the structure of 
the intestines: —“‘ It 1s pretty evident that | 

a long narrow tube (in man arnat five 
times _the length of the body) laid from 
_ side to sid ' in folds, upon one another, 
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winding in oblique and circuitous direc- 
tions, composed also of a soft and yielding 
substance must, without some extraordi- 
nary precaution for its safety, be continu- 
ally displaced by the various, sudden, and 
abrupt motions of the body which contains 
it. I should expect that if not bruised or 
wounded by every fall, leap, or twist, it 
would be entangled, or involved with it- 
self, or at least slipped and shaken out of 
the order in which it is disposed, and 
which order is necessary to be preserved 


_ for the carrying on of the important func- 


tions which it has to execute in the animal 
economy. Let us see, therefore, how a 
danger so serious and yet so natural to the 


length, narrowness, and tubular form of _. 


the pari is proviced against. The expe- 
dient is admirable, and it is this. The in- 


testinal canal, throughout its whole pro- * 


Cess, is knit to the edge of abroad fat 
membrane, called ihe mesentery. Tt forms 
the margin of this mesentery, being stitch- 
ed and fastened to it like the edging of a 
ruffle; being four times as longvas the me- 
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sentery itself, itis what a sempstress would 
call puckered or gathered on toit. This 
is the nature of the connection of the gut 
with the mesentery, and being thus joined 
to, or rather made a part of the mesentery, 
it is folded and wrapped up together with 
it. Now the mesentery having a consider- 
able dimension in breadth, bemg in its 
substance withal both thick and suety, is 
capable of a close and safe folding, in 
comparison of what the intestinal tube 


‘would admit of, if it had remained loose. 


‘The mesentery likewise not only keeps the 
intestinal canal in its proper place and po- 
sition, under all the turns and windings 
of its course, but sustains the numberless 


small vessels, the arteries, the veins, the 


tr -ducts, and above all, the lacteals, ” 
which lead from or to almost every point 


of its coats and cavity. This membrane, 


which appears to be the great support and 
security of the alimentary apparatus, is 


itself strongly tied on the first three ver- 
| tebray of terms.’ 
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lar organ of a pale red color, and called, 
in certain animals the sweet-bread, is si-- 
tuated in the epigastric region) behind the 
stomach, In form it resembles the tongue 
of adog, with its pointed end stretched out 
towards the spleen, to which it is connect- 
ed by blood-vessels, and the other ex- 
tending towards the duodenum, It is. 
eight or nine inches in length, and ‘two or 


three in breadth. The pancreas is’ com-. 
f 


posed of an assemblage of small glands:, 


these secrete a liquor, which in color, 
consistence, and other properties seems in 
no respect different from the saliva. Each 


of these glands sends out a little duct, 


which unites’ with others to form larger, 
and they all terminate at length in one. 
» : ’ 

common canal, called the pancreatic duct, 


- which pours its contents into the duo- 
denum, sometimes by the same orifice — 


with the biliary duct, and sometimes. by a 


distinct opening. This liquor, being of a’ 


mild and insipid nature, serves to cahaeay. 
the alimentary pulp, and to incorporate it 


nrore easily with the bile. w: Te “3 
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The spleen (is, al. VI. and 5, pl. VII.) 
boii a. soft, spongy viscus, of a color be- 
rie deep red and blue, about five or six _ 
inches in length, and three in breadth, — 
situated in the left hypochondrium. be- 
~ tween the stomach and the false ribs. Its 
figure is so irregular as not to admit of 
description ; but it may be observed, that 
it is somewhat oblong, convex on the side 
which is applied to. the ribs, and concave 
‘on that which is turned toward the sto- 
mach. The spleen is confined in its place 
by an adhesion to the peritoneum and dia- 
phragm, and by a ligament to the omer- 
tum, Itis extremely vascular, and when 
macerated seems wholly composed of nu- 
merous blood-vessels. It has no excretory 
duct, and it is remarkable, that, thong 
an organ ‘of such considerable size, its use — 
1s, entirely unknown. Paley. gives it as hi 
opinion, that the spleen may be Sibighasece a * 
stufling, a soft cushion to fill up a vacanc 
"or hollow, which, unless Pilniigee 
leave the package e loose and umstec: 
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The liver, (13, pl. VI. andl, pl. VIL.) 
by far the largest gland in the body, is of = 
a deep red color, and situated immediately 
beneath the diaphragm. It is divided into 
two portions or lobes, the larger placed in 
the right hypochondrium, and the smaller 
extending across the epigastric region to- 
wards the left. The upper suiface of the 
liver is convex and smooth, corresponding 
with the concavity of the diaphragm. The 
lower surface is concave and uneven. The 
anterior and inferior margin is acute; the 
posterior and superior obtuse: ‘* The 
lwer,”’ says Paley, “is fastened by two 
ligaments ; the first, which is large and 
strong, comes from the covering of the 
diaphragm and penetrates the substance of 
the liver; the second is the umbilical yein, 
which after birth degenerates into a liga- 
ment. The first, which is the principal, 
fixes the liver im its situation, whilst the 
body holds an erect posture; the second 
prevents it from pressing upon the dia- 
phragm when we lie down; and both to- 
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peether sling or suspend the liver when we 
lie upon our backs, so that it may not 
- compress or obstruct the ascending vena 
eaya, to which belongs the important 
office of returning the blood from the 
moa to the heart.”- 

“'The uses of the liver are to secrete and 

_ prepare the bile, which is conveyed to the 
duodenum by means of a channel called 
the hepatic duct. 

- It is however necessary for the purpose 
of digestion, that a portion of the bile 
should undergo a farther preparation. 
‘This it receives in the gall-bladder, (15, 
pl. VI. and 3, ol. VII.) a membratious re- | 

_ceptacle, capable ef containing two or 
three ounces. In shape it resembles a 
pear, and it is attached to the inferior 
part of the great lobe of the liver. The : 
neck of the gall-bladder is continued in 


the .form of a canal,’ denominated the ~~ 


cystic duct, which soon joins the hepatic 

duct mentioned above. They thus form 

the « commen hile duct, by which both the 
M2 . 
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cystic bile, or that from the epllibiuitlers 
and the hepatic are discharged into the 
duodenum. The canal opens into the im- 
testine in an oblique direction, first pass- 
ing through the exterior tunic, and then 
piercing the other coats, after running a 
little way between each of them. This 
economy serves two useful purposes, “to 
promote the discharge of bile, and to pre- 
vent its return. As there is no direct com- 
munication between the liver and the gall- 
bladder, in man, the bile must conse- 
guenily pass to that reservoir through the 
cystic duct. ‘The use of the gall-bladder 
seems te be’ to retain this fluid till, its 
more watery parts being removed, the re- 
mainder may become thicker, more pun- 
gent, and more acrid. Itis so placed that 
it may be pressed upon the distended sto- 
mach, and its contents therefore diseharg- 
ed when they are most required to assist in 
the process of digestion. It is also empti-. 
ed by the contraction and agitation of the 
viscera in vomiting. The bile contributes 


. to blend the. alimentary mass by dividing — 
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and attenuating it; corrects the too great 
disposition to acescency, and finally, by 


its acrimony, tends to excite that continual — 


motion of the intestines, which is ealled 
peristaltic. The bile in the gall-bladder 
sometimes concretes into hard masses call- 


ed gall-stones. As long as these remain in 


the gall-bladder, they occasion little or no ~ 


inconvenience, but if any of considerable 
size pass into the ducts, they irritate and 
distend those vessels so as to produce ex- 
quisite pain. When these concretions are 
stopped im the common gall duct, they 
prevent the passage of the bile into the in- 
testmes. That fluid, then accumulating 


- im the liver, is carried back into the cir- 
_culatmg system, and occasions jaundice. 


The kidneys (6, pl. VII.) are two 


ergans of a pale red color, and firm con- 
sistence, in form resembling the beans 
which bear the same name; about six 
mehes in length and four in breadth. 
They are lodged in a bed of fat, one on 
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the right and the other on the left side of 
the spine, in the lumbar region, between 
the last false rib and the os ilium; the 
concave part of each being turned towards 
the aorta and vena cava ascendens. The 
office 6f the kidneys is to separate the 
“urine from the blood. To this end they 
are formed of three different substances. 
The outer part chiefly consists of numerous 
convolutions of blood-vessels, and is called 
the cortical part. Beyond this is the vas- 
cular or tubular substance, and the inner 
part is papillary or membranous. It is in 
the first that the secretion is carried on. 
The fluid being there received from the 
minute extremities of the capillary arteries, 

is conveyed out of this cortical substance, 
by an infinite number of very small cylin- 
drical canals which constitute the tubular 
part. These tubes, as they approach the 
inner substance of ihe kidney, gradually 
unite, and thus forming larger canals, at — 
length termmate im ten or twelve little - 
protuberances, called papilla, each of 
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_ which has ‘several small orifices, through 
which the urine drops ito a small re- 
-servoir. Hence it is cos tered from each 
kidney to the bladder by a a membranous 
canal, called the ureigr 
-The ureters (il, pl. VIZ.) are about | 
Mersin long, and in general about the size 
on goose quill. Both of them 
enter the bladder at the posterior part, r 
near the neck, which is the most fixed 
point. Here we observe the same con- 
trivance. as in the passage of the common 
bile duct into the duodenum. The ureters 
run some distance between the different 
coats of which the bladder is composed, 
before they open into its cavity; which 
structure not only prevents the return of 
the fluid, but also the admission of air. 
The bladder (14, pl. VII.) is a mem- 
branous sack of considerable size, and of 
an oblong roundish shape, situated at the 
: ’ anterior part of the pelvis. It is the re- 
» Servoir ‘of the excrementitious fluid which, 
_ as we have seen, is constantly filtering 
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through the kidneys from the mass of 
blood. The bladder is connected behind 
to the rectum, and before to the ossa 
pubis. It is also’ attac ed by ligaments 
to the navel, and ‘t0jthe peritoneum, by 
which the upper. and widest part of it . 


covered. Like most ‘ot ‘the he How intes- 
tines, it is composed of four ed 
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. The rreamies Py oe a % 
. The internal jugular vem. 

The subclavian vein. « — 

The vena cava descendens. 

The right auricle of the heart. 
The right ventricle; the ‘pericardi- 

- um, being removed. 

7 Part of the “left ventricle | 

8. The aorta ascendens. 

9, The pulmonary artery. 
10, The right lobe of the lungs, oii “< 
which is cut off, ‘to shew the ° 
great blood-vessels. : 7 
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il. The left lobe of the lungs. Ao A 
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. The diaphragm. . 


The liver. 


. The lig amentum rotundum. 


‘The bottom of the gall-bladder pro- 


6. 


t. 
7 ye ad 
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meatal 


© ~ i = on 


- jecting beyond the anterior edge 
of the left lobe of the liver. 


‘The stomach, pressed by the liver 


owards the left side, 
The $1 all intestines, |.» sj 


m | 
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ball side of the liver. 


| The ligamentum rotundum, | 


The apices. 

The kidneys. 

The aorta descendens, » an 
The vena cava ascendens. 

The emulgent vein, 


: & probe under the spermatic vessels, » a 
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11. The ureters. 
12. The iliac vessels. 
13. The intestinum rectum 


% 
i a 
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14. The urinary bladder. st 
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